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Background: Low physical activity represents a potentially modifiable risk factor in the 
management of obstructive sleep apnoea (OSA).  The benefits to this population of being 
more physically active include improved apnoea severity and reduced risk of hypertension, 
cardiovascular disease, type 2 diabetes and obesity.  There is currently little available 
information regarding the type and level of physical activity undertaken in adults with 
diagnosed OSA.  Moreover, potential barriers to activity have not been explored.  Beyond 
provision of continuous positive airway pressure to manage periods of apnoea, there is 
limited support available to address lifestyle factors in this population.   
Aim: The aim of this thesis was to establish physical activity levels in a cohort of adults with 
OSA, determine barriers to activity and explore the feasibility of supporting a change in 
physical activity behaviour in this cohort. 
Methods: An initial literature review on physical activity in the population with OSA formed 
the basis for an exploratory study to determine physical activity levels in a cohort of 60 
participants at risk of OSA, recruited from the local Sleep Clinic.  Physical activity levels 
were compared with current World Health Organization guidelines.  Levels of inactivity, time 
engaged in sedentary behaviour and barriers to activity were ascertained.  A second literature 
review explored the use of text messaging as a means of motivation to support physical 
activity behaviour.  A focus group and individual interviews were then conducted to 
determine the acceptability of motivational text messaging to end users with OSA.  Using 
these findings an intervention study was developed to establish the feasibility of a text 
messaging intervention in conjunction with personalised exercise prescription to increase 
physical activity behaviour and increase exercise self-efficacy in a cohort of 30 participants 
recruited from the Clinic.  Individual interviews with a cohort of the participants were then 
undertaken in an effort to understand the benefits and limitations of the intervention from the 
participants’ perspective. 
Results: From the initial cohort 37% did not meet World Health Organization guidelines for 
weekly physical activity.  This group demonstrated higher rates of hypertension, type 2 
diabetes and obesity, and higher levels of sedentary behaviour.  Low motivation and pain 
were the main barriers to activity in those not meeting the physical activity guidelines; 91% 
reported wanting to be more active.  Text messaging was considered an acceptable form of 
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motivation by end-users.  The feasibility study showed that text messages offered the 
potential to support the uptake of physical activity in adults with OSA. .   
Conclusion:  Low levels of physical activity represent an additional risk factor in those at 
risk of OSA.  In our study, although there was recognition of the benefits of being active, lack 
of motivation was a barrier.  A physical activity intervention using telehealth as a 
motivational component offers a potentially feasible method of supporting physical activity 
behaviour change in adults with OSA.  Addressing lifestyle factors in this population offers a 
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CHAPTER 1: INTRODUCTION 
 
1.1 Background 
The burden of non-communicable diseases (NCDs) is considerable. Collectively NCDs 
account for 71% of all deaths globally.1  In New Zealand this figure is even higher with 
NCDs estimated to account for 89% of all deaths.2  The four main contributors to NCDs are 
physical inactivity, tobacco consumption, harmful use of alcohol and unhealthy diet,1 all of 
which are modifiable.  The global trend in NCDs threatens to overwhelm health systems as 
global rates continue to rise.  In addition, there is an increased realisation of the association 
between disorders such as obstructive sleep apnoea (OSA) and diseases such as COVID-19 
amongst those who already have NCDs.3  Given the potentially catastrophic consequences of 
this increasing trend in comorbidities and NCDs, if modifiable risk factors are to be 
successfully managed, there is a need to shift the focus of health interventions to more 
preventative health measures. 
OSA is a chronic sleep disorder characterized by recurrent partial or complete collapse of the 
upper airway during sleep, resulting in periods of apnoea and hypopnoea, with associated 
oxygen desaturation and sleep disturbance.4  It affects 4% of males and 2% of females 
globally5 with those most commonly affected being overweight males aged over 40.  In New 
Zealand, the prevalence of OSA, across the range from mild to severe, is estimated to be 10% 
of the population.6  However, this is a conservative estimate based on the population aged 30-
69 years6 - increasing age is a known risk factor for OSA.7  Other risk factors include 
anatomical features that narrow the airway, as well as genetic factors.7  Lifestyle risk factors 
that contribute to, or worsen OSA, include smoking, alcohol consumption, sedentary 
behaviour and overweight/obesity.7  The current global estimates for overweight and obesity 
in the adult population are 39% and 13% respectively, with over 650 million people classified 
as having obesity.8  In the population groups that are overweight or obese, estimates for OSA 
prevalence are as high as 20%.9 Of additional concern is the increased global prevalence of 
overweight or obesity in those aged 19 and under, currently estimated at over 18% globally.8  
Within New Zealand, the burden of obesity is greatest in the Māori and Pacific populations, 
at 47.9% and 63.4% respectively.10  Given the close association between obesity and OSA, it 
is unsurprising that rates of OSA are twice as high in Māori compared with non- Māori.11  
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Disparities in health are impacted by a multitude of factors including, but not limited to, 
socio-economic determinants, access to health care, lifestyle and racial discrimination. 12 
Despite developed countries having relatively well resourced health systems, OSA often goes 
undiagnosed and untreated.6  Untreated OSA has a number of associated health risks6 
including hypertension13 and cardiovascular disease (CVD)14 which negatively impact health 
outcomes.6  Obstructive sleep apnoea syndrome (OSAS) is classified as a disease15 and refers 
to the broader range of symptoms associated with OSA, such as excessive daytime sleepiness 
and morning headaches.   
➢ Current management of OSA 
Continuous positive airways pressure (CPAP) is considered the gold standard for treatment of 
OSA but rates of adherence are known to be low.16  Commencing CPAP can result in weight 
gain17 and has CPAP use been shown to have no impact on improving physical activity 
levels,18, 19 despite patients typically experiencing less fatigue and self-reporting increased 
energy levels.20 
➢ Economic burden 
The common symptoms of excessive daytime sleepiness and reduced ability to concentrate in 
those with untreated OSAS can have unintended consequences both at work and whilst 
driving, such as reduced work productivity and higher rates of motor vehicle accidents.21,22  
This generates a high financial and societal cost to New Zealand, which in 2010 was 
estimated at over $40 million a year.21  Up-to-date financial data regarding the societal costs 
of untreated OSAS are lacking but, given the high prevalence of OSA and rates of 
undiagnosed OSA, it is likely that societal costs have increased over time. 
➢ Physical activity in OSA  
Physical activity is any movement of the skeletal muscles of the body involving energy 
expenditure23 and represents a potentially modifiable risk factor in the management of OSA.  
Low levels of physical activity are linked to the degree of OSA severity5, 24 and subjective 
symptoms,25 with many individuals also exhibiting concomitant cardiovascular risk factors.  
The World Health Organization (WHO) highlights insufficient physical activity as the fourth 
leading risk factor for death globally26,23 and the WHO Global Action Plan 2018-2030 has a 




There is increasing evidence for the benefits of physical activity in reducing apnoea severity 
with studies having demonstrated statistically significant improvements (p=0.005) in the 
apnoea-hypopnoea index (AHI)28 and the Respiratory Disturbance Index (p<0.05)25 – both 
measures of apnoea severity - following a period of moderate-to-vigorous exercise.  
Increased physical activity has other health benefits including maintenance of weight loss and 
reduced risk of CVD, hypertension and type 2 diabetes (T2DM) - all conditions that 
commonly co-exist with OSA.14, 29, 30  As previous stated, the majority of adults with OSA are 
overweight or obese31 and this obesity may co-exist with low physical activity and a largely 
sedentary lifestyle.32  Additionally, with the increasing trend towards overweight and obesity 
both in New Zealand10 and globally, there is a parallel increase in OSA.13  This increase in 
obesity, in conjunction with an ageing population, drives the need to provide a range of 
management options towards those with the condition.  Promoting physical activity in this 
patient group may aid in decreasing mortality and morbidity through the reduction in 
cardiovascular risk factors, and in the reduction in risk associated with other NCDs and 
further weight gain.  This need to promote physical activity is now recognised in guidelines 
on the management of OSA.33, 34 
Despite evidence for benefits associated with being physically active35 the mean level of 
physical activity and the types of physical activity undertaken in the population diagnosed 
with OSA are unknown.36  The WHO recommends adults do at least 150 minutes of 
moderate-intensity physical activity a week23 and the current New Zealand guidelines for 
exercise are similar.37  Although exercise is a recognised management strategy for OSA33, 
simply prescribing exercise is unlikely to be enough to effect change given that 35% of the 
general New Zealand population are insufficiently active and 14% do little or no physical 
activity.10  
Motivation to be physically active is one of the contributing factors to low physical activity in 
the general New Zealand population and it is hypothesised that it may also represent a barrier 
to physical activity in the population with OSA. 
 
1.2 Research question 
 The aim of this thesis was to establish physical activity levels in a cohort of adults with 
OSA, determine barriers to activity and explore the feasibility of supporting a change in 
physical activity behaviour in this cohort. 
4 
 
1.3 Research aims 
1. To critically review and synthesise the literature regarding OSA and physical activity. 
2. To determine current levels of physical activity in a Dunedin cohort with OSA and 
establish key barriers to activity. 
3. To critically review and synthesise the literature regarding text messaging as a form of 
motivation to be physically active. 
4. To explore the acceptability of text messaging as a form of motivation in the 
population with OSA. 
5. To establish the feasibility of personalised exercise prescription with text messaging 
as a motivator to support changes in physical activity behaviour in people with OSA. 
 
1.4 Thesis overview  
This thesis comprises four related studies.  In Chapters 2 and 3 the two initial research 
questions (which began life as a Master’s thesis) are discussed.  Chapter 2 addresses the 
question ‘What are the benefits of physical activity in the population with OSA?’  It is based 
on a narrative literature review of the relationship between OSA, associated NCDs and 
physical activity, the benefits and limitations of CPAP and the effects of physical activity in 
OSA.  Chapter 3 comprises a descriptive study of a Dunedin-based cohort at high risk of 
OSA and explores the question ‘What are the barriers to being active as perceived by this 
group with OSA?’  The aim of this chapter was to quantify physical activity levels in the 
group, the impact OSA had on their physical and emotional health, and barriers to activity. 
A key finding from Chapter 3 was that low motivation appeared to be a common barrier to 
activity in this cohort. This was the premise on which a second literature review was 
undertaken to explore the effectiveness of text messaging as a motivational medium in other 
populations. This is outlined in Chapter 4 and the findings led to a range of semi-structured 
questions being developed.  Answers to these were explored in a focus group and individual 
interviews, conducted to establish the acceptability of text messaging in the population of 
interest.  Results are described in Chapter 5.  The qualitative findings were then used in the 
development of an intervention study (Chapter 6).  The aim of the study was to establish the 
feasibility of a text messaging intervention to support an increase physical activity behaviour 
in an adult population with OSA.  In the subsequent chapter (Chapter 7) the acceptability of 
personalised exercise prescription with text messaging as a motivator to support changes in 
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physical activity behaviour and exercise self-efficacy in people with OSA was explored.  
Finally the journey ends in Chapter 8 where the key findings of the thesis are outlined and 
recommendations for further research are made.  Figure 1.1 shows an overview of the thesis 
structure by chapter.  
 
1.5 Original contribution to knowledge 
This is the first study undertaken involving a population with OSA in which barriers to being 
physically active have been explored and quantified to enable a subsequent focus on the most 
commonly reported barrier; in this case, low motivation.  It is also the first study to 
implement a strategy to support physical activity behaviour change using motivational text 
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CHAPTER 2: LITERATURE REVIEW 
 
2.1 Introduction  
 
OSA is a condition characterised by recurrent partial or complete collapse of the upper 
airway during sleep, resulting in periods of apnoea and hypopnoea, with associated oxygen 
desaturation and sleep disturbance.  The recognised measure to determine apnoea severity is 
the apnoea-hyponoea index (AHI), which is the averaged frequency of apnoeas (cessation of 
airflow for ≥10 seconds) and hypopnoeas (reduction in airflow with resultant oxygen 
desaturation ≥4 seconds) per hour of sleep.4  The American Academy of Sleep Medicine 
(AASM) internationally accepted diagnosis is 15 events per hour (event/h), or five or more 
events/h with accompanying subjective symptoms or cardiovascular co-morbidities.38  
OSA has previously been reported to affect 4% of males and 2% of females5 with those most 
commonly affected being overweight males aged over 40 years. However, this is a 
conservative estimate as it is likely underdiagnosed, with some estimates being as high as 
20% in the overweight/obese populations.9  A study published in 2019 using AHI ≥ 5 
events/h and ≥30% decrease in flow from baseline with an associated oxygen desaturation of 
≥3% or an associated arousal as diagnostic criteria estimated that the global prevalence of 
OSA was 936 million.6  Additionally, the authors concluded that in some countries the 
prevalence exceeded 50%.6   
OSAS refers to the broader range of symptoms associated with OSA, such as excessive 
daytime sleepiness and morning headaches, and is part of the global epidemic of NCDs, 
which accounts for over 16 million premature global deaths annually.1 
In New Zealand it is estimated NCDs account for 91% of all deaths39 with almost one in three 
New Zealanders over the age of 15 years classified as obese (defined as a Body Mass Index 
(BMI) ≥30kg/m2).40  OSA has strong associations with obesity and hypertension as well as an 
increased risk of stroke and sudden cardiac death.41  Attention and memory problems are part 
of the OSA syndrome and can affect concentration, with unintended consequences both at 
work and whilst driving; for example, higher rates of motor vehicle accident are associated 
with the symptoms of daytime sleepiness.21  This generates a high financial and social cost to 
New Zealand, estimated at over $40 million a year.21  An AASM white paper estimated the 
societal costs of OSA in the United States at over $150 billion annually.42 
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2.2 Rationale for narrative literature review 
 
In order to determine current knowledge about the management of OSA and, in particular the 
role of physical activity, a narrative review of the literature was undertaken.  The review 
focused on an analysis of the literature across the of the breadth of the topic and identification 
of gaps in the literature.  To confirm validity of the findings, the most salient papers on 
physical activity and OSA were further examined.  While it is acknowledged that a 
systematic review would have allowed for a more robust analysis, the breadth of the topic 
being investigated did not lend itself to a single research question.   
 
2..3 Diseases of lifestyle and their association with OSA and physical activity 
 
OSA has strong associations with a number of other health conditions which may be 
positively impacted by addressing modifiable risk factors such as low physical activity.   
➢ OSA and hypertension 
The prevalence of hypertension in patients with OSA is well documented.14  It is 
hypothesised that, without treatment, the repeated apnoeic episodes, resulting cycles of 
hypoxia coupled with carbon dioxide retention and subsequent arousals result in fluctuations 
in peripheral vasoconstriction and ensuing increases in systemic blood pressure.43  In a study 
published by Peppard et al. using the Wisconsin Sleep Cohort Study data, 709 adults with 
untreated OSA were found to be two or three times more likely to develop hypertension than 
the general population of the United States.44  The authors concluded that after adjusting for 
confounding factors, there was a dose-response association between OSA at commencement 
of the study and the existence of hypertension four years later.44 
Physical activity is known to modulate blood pressure in the general population who have 
hypertension.45  A meta-analysis investigating the impact of physical activity on hypertension 
in the general population, concluded that there were statistically significant reductions in 
systolic blood pressure following endurance training (p<0.0001), dynamic resistance training 
(p=0.049) and isometric resistance training (p=<0.0001).46   
In a study of adults with moderate-severe OSA, lower levels of physical activity and higher 
levels of sedentary behaviour (as measured by actigraphy) were found to be associated with 
elevated evening blood pressure measurements.47  In contrast a higher number of steps per 
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day were associated with evening blood pressure within the normal range.  This study was of 
short duration (three days) and had no control group, so caution must be exercised in 
interpreting the results.  However, results suggest that more physical activity and less time 
spent sitting may positively impact evening blood pressure levels in adults with moderate-
severe OSA.   
 
➢ OSA and cardiovascular disease (CVD) 
Cardiovascular disease (CVD) including coronary artery disease (angina and myocardial 
infarction), arrhythmias, heart failure, cardiomyopathy, heart valve disease and peripheral 
arterial disease, and stroke contributes 30% of New Zealand deaths annually and remains the 
leading cause of death in New Zealand.48  In the general New Zealand population, the 
incidence of diagnosed ischaemic heart disease is 4.3%.10  Untreated OSA and the severity of 
OSA both increase the risk of cardiovascular disease morbidity and mortality.49,41  The odds 
ratio of developing coronary disease in OSA is estimated at between 1.3 to 23.50  A study by 
Gottlieb et al. investigated the development of coronary heart disease over time in a cohort of 
4422 men and women aged ≥ 40 years.29  Baseline polysomnography (PSG) was undertaken 
in those with no incidence of coronary heart disease and median follow up time was 8.7 
years.  The authors concluded that men aged 40-70 years with severe OSA (AHI ≥30 
events/h) were 68% more likely to develop coronary heart disease over time than those with 
no OSA (AHI <5 events/h).  Although the use of CPAP for severe OSA may have been a 
confounding factor, only 8.4% of those with an AHI ≥15 events/h reported receiving CPAP 
or any other treatment during the study period.29   
Physical inactivity is a modifiable risk factor for CVD.51 It is estimated to account for 6% of 
the overall burden of disease from coronary heart disease globally.52   Physical activity 
appears to halve the risk of developing coronary artery disease when compared with being 
sedentary51 and in patients with stable coronary heart disease there is an inverse relationship 
between physical activity and mortality.53  Studies have shown that a 12-week exercise 
training programme in adults with OSA can improve heart rate reserve and increase VO2peak, 





➢ OSA and obesity  
Within the general New Zealand population, the current rate of obesity is around 30% and the 
trend is increasing - up from 28.6% in 2011/12 to 30.9% in 2018/19.10  Obesity and OSA are 
strongly associated.  A study by Lopez et al. examined the prevalence of OSA in 227 patients 
being screened for weight loss surgery.54  The findings demonstrated a positive relationship 
between prevalence of OSA and BMI.  There was a 71% prevalence of OSA amongst those 
who were severely obese (BMI = 35 to 39.9kg/m2), 74% in those who were morbidly obese 
and, in those with a BMI greater than 60kg/m2, the prevalence was 95%.  The total overall 
incidence of OSA amongst study participants was 78%. 
A cross-sectional study, undertaken in the United Kingdom and involving over one million 
individuals aged 50 years and over, presented similar results.  The authors sought to quantify 
the relationship between BMI and OSA.55  Analyses showed that those with a BMI≥30kg/m2 
were six and a half times more likely to have OSA and those who were classified as morbidly 
obese (BMI≥40kg/m2) were 27 times more likely to have OSA.  This illustrates the 
significance of obesity as a risk factor for the development of OSA.  Obesity and the resultant 
increased fat deposition at the neck increases external pressure on the upper airway and 
therefore the propensity for airway collapsibility.56 This is further impacted by the enlarged 
upper airway structures, such as the tongue and soft palate, which reduce pharyngeal airway 
lumen size. 
Obesity, even without a confirmed diagnosis of OSA, is known to negatively impact physical 
activity.  A study that investigated activity energy expenditure in 177 individuals, (BMI 22.6 
to 50.3 kg/m2), showed a weak positive but statistically significant relationship, between 
body weight and energy expenditure (p<0.0001).57  A higher activity energy expenditure was 
observed in participants who were obese which was consistent with a higher effort expended 
on activities due to higher body weight; i.e. the higher the BMI, the more effort required to 
complete a task or activity.  
Physical activity has benefits for both weight and health risk profile in those with obesity.  
For example, a 12-week exercise intervention comprising a combination of aerobic and 
resistance exercise demonstrated improvements in cardiovascular risk profile and statistically 
significant weight loss (p=0.018) compared with no exercise in a cohort of 97 previously 




➢ OSA and type 2 diabetes mellitus (T2DM) 
Obstructive sleep apnoea is also a risk factor for type 2 diabetes (T2DM) as the intermittent 
hypoxia that results from sleep fragmentation in OSA is believed to impair glucose 
metabolism.59  In addition, both OSA and T2DM share modifiable risk factors; namely 
obesity, hypertension and hyperlipidaemia.  The prevalence of diabetes in those with OSA is 
estimated at between 15% and 30%, 60 and several studies have established the association 
between the two conditions.  For example, in a study by Keily and McNicholas of adults with 
moderate-severe OSA (n=114), 16% had T2DM or impaired glucose tolerance,61 which is 
much greater than the prevalence in the New Zealand population (5.8%).10  In another study 
of 260 adults with known T2DM, but no prior diagnosis of OSA, the authors sought to 
determine OSA risk in the group.  The Berlin questionnaire was used to classify the degree of 
risk of OSA based on each individual’s response to ten questions across three categories; 
48.6% of the cohort were classified as ’high risk’ for OSA.62  A similar study, which 
screened 200 patients with existing T2DM for OSA, also used the Berlin Questionnaire.30  
Those classified as high risk from the Berlin Questionnaire response (n=106) underwent 
overnight screening using an Apnealink device (ResMed Corporation, San Diego, USA) 
which measured pulse oximetry and nasal respiratory flow.  Based on the Berlin 
Questionnaire responses and an AHI ≥5 events/h as diagnostic of OSA using the ApneaLink 
device, the authors concluded that at least one in three patients screened were likely to have 
OSA. Those patients screened as likely to have OSA (n=103) were offered a referral to a 
sleep clinic and of the n=54 who underwent subsequent PSG, 85% were diagnosed as having 
OSA.30 
Evidence suggests that physical activity levels in those with T2DM tend to be lower than age 
matched populations.  A study of American participants63 compared physical activity levels 
in a population with T2DM and non-diabetic aged-matched controls and found that while 
58% of the control population were physically active, only 39% of those with diabetes were 
physically active.  
Physical activity is well-established as a management strategy in those with T2DM with 






➢ OSA and chronic obstructive pulmonary disease (COPD) 
Chronic obstructive pulmonary disease (COPD) is described by WHO as a disease of chronic 
airflow obstruction of the lungs, resulting in an adverse effect on normal breathing 
mechanics, and with a degree of irreversibility.65  It is characterised by dyspnoea and chronic 
cough with or without sputum production.  The co-existence of OSA and COPD, known as 
overlap syndrome, confers an increased risk of morbidity and mortality.66  A study of 54 
patients with moderate to severe COPD investigated the prevalence of OSA in this cohort, 
using polysomnography for diagnosis.67  Of the 44 samples that underwent final analysis, 
65.9% had at least mild OSA; an AHI score of 5 -15 apnoeas/hypopnoeas per hour of sleep.  
However, an association between the two conditions is disputed in the literature, with some 
studies finding no greater prevalence of COPD in those with OSA than COPD in the general 
population.68 
➢ OSA and osteoarthritis (OA) 
There has been little research published on the prevalence of osteoarthritis (OA) in the 
population with OSA.  However, the association between obesity and incidence of knee OA 
is well established69,70,71 and 70% of those with OSA are obese.72 (The prevalence of OA in 
the general New Zealand adult population is 11%.73)  A systematic review and meta-analysis 
published in 2012 concluded that a 5-point increase in BMI conferred a 35% increased risk of 
developing knee OA, where knee OA was confirmed by either radiography or surgical 
intervention (total knee replacement of knee arthroplasty).74   
An examination of sleep disturbance in patients with either OA (n=78) or rheumatoid arthritis 
(n=145)75 identified sleep fragmentation in 53% of patients with osteoarthritis, the most 
common identified cause being nocturia, a known symptom in people with OSA.  However, 
these sleep disturbances were by self-report and no polysomnography was undertaken to 
confirm the presence of OSA.   
Pain is also strongly associated with OA in weight bearing joints and a study investigating 
knee pain related diagnoses in a morbidly obese population concluded that fear of movement 
(and by inference decreased physical activity) was increased in this group.76   
Despite these barriers, physical activity is known to be of benefit in the management of 
osteoarthritis.  A 20-week tailored exercise programme comprising strengthening, aerobic 
exercise and activities of daily living in 126 participants with knee osteoarthritis found a 
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statistically significant difference (p<0.001) between control and intervention group in 
6MWD at 32 week follow up.77 
 
➢ OSA and depression  
There is an established link between depressive symptoms and OSA, as assessed using the 
Beck Depression Inventory,78 with rates of depression within the population with OSA 
estimated at between 21% and 41%.79  In a study by Peppard and Young80 the authors’ 
highlighted the positive linear association between depression and sleep-disordered breathing 
compared with a normal population. Additionally, the odds of developing depression in those 
with moderate-to-severe sleep-disordered breathing increased 2.6-fold.  This relationship was 
further supported by a more recent study which compared the incidence of depression and the 
quality of life in individuals without OSA to those with varying degrees of OSA severity.81  
The results indicated that the prevalence of depressive symptoms, as determined by the Beck 
Depression Inventory, in those without OSA was 12.9% compared with 48.4% in those with 
severe OSA.   
The association was also confirmed in a retrospective cohort study, that used data gathered 
between 2002 and 2008. It sought to determine whether there was an increased likelihood of 
onset of depressive disorder, in the first year following diagnosis of OSA, compared to those 
without OSA.82  Using data from 2,818 patients with OSA and 14,090 matched individuals 
without OSA, it was  determined (after adjusting for potential confounding factors, such as 
obesity, hypertension and diabetes) that those with OSA were 2.18 times more likely to 
develop depression.  When the results were stratified by gender, they also determined that the 
risk of developing depression was higher in women with OSA (2.72 times) compared with 
men with OSA (1.81 times). This result mirrors the data on depression for the general New 
Zealand population.73 
While this higher prevalence of depression among those at high risk of OSA suggests an 
underlying association, the potential overlap between symptoms, such as fatigue and poor 
concentration, make it difficult to determine the exact nature of the relationship.82 
Physical activity appears to confer some benefit in the management of depressive symptoms.  
A Cochrane review concluded that physical activity has a moderate effect on reducing 
depressive symptoms when compared with no physical activity.83 
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2.1.4 Continuous positive airways pressure (CPAP)  
 
Continuous positive airways pressure (CPAP) is the current gold standard of treatment for 
those with a diagnosis of OSA.84  However, it is not an all-encompassing solution with 
evidence emerging that one size does not fit all in the management of OSA and that a broader 
approach could be considered.85  Interventions need to be selected to best meet individual 
patient need.  This section will look at the benefits and limitations of CPAP. 
 
Benefits of CPAP 
➢ Reduction in AHI 
CPAP has been demonstrated to reduce the severity of OSA as measured by the AHI.  A 
Cochrane review (2006) involving 1,718 participants used fixed-effects modelling to 
conclude that the clinical benefits of CPAP over control groups were significant (-17.02 
events/h, 95% CI -19.25 to -14.80) in terms of improvement in AHI.86  However, it is 
necessary to note that the methodological quality of 29 of the 36 included studies was low 
and there was limited information regarding randomisation protocols.  Additionally, variation 
in effect sizes of the included studies impacted the validity of the overall summary effect.  
➢ Reduction in all-cause mortality 
The authors of a meta-analysis which included 27 cohort studies involving participants with 
OSA (over three million participants) concluded that all-cause mortality and cardiovascular 
mortality were significantly lower in CPAP-treated than in untreated patients. The pooled 
hazard ratio of all-cause mortality was 2.13 (95% CI 1.68-2.68) for severe OSA; the hazard 
ratio of cardiovascular mortality was 2.73 (95% CI 1.94-3.85) for severe OSA.  Importantly 
though, there were no differences in cardiovascular mortality in patients with OSA treated 
with CPAP compared with normal controls.87  Despite the large sample, this meta-analysis 
included a small number of randomised controlled trials and there was a relatively high level 
of heterogeneity between studies. 
➢ Improvement in quality of life 
Adherence to CPAP (≥4h/night) has also been shown to improve some quality of life 
markers, including a reduction in nocturia.88  Nocturia occurs due to the increased secretion 
of atrial natriuretic peptide during periods of apnoea in those with untreated OSA.  In those 
with moderate-to-severe OSA, (≥AHI of 15/h ) CPAP adherence has produced a reduction in 
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both apnoea severity and daytime sleepiness.89  The benefits of CPAP in those with mild 
OSA are less certain.   
➢ Reduction in depressive symptoms  
A systematic review and meta-analysis of articles published to August 2014 included 24 
randomised-controlled trials (RCTs) and 26 randomised comparison studies. One aspect the 
authors sought to determine was the effect of CPAP as a treatment for adults with OSA and 
depressive symptoms.  The review included a variety of depression questionnaires. Pooled 
results for subscales of the SF-36, Profile of Mood States questionnaire and the Beck 
Depression Inventory suggested that the improvement in depressive symptoms when using 
CPAP was statistically significant (p=0.004) compared with sham CPAP or no treatment as 
control.90  However, there was considerable heterogeneity amongst the studies and 
considerable variation in the outcome measures used to assess depression, so results should 
be interpreted with caution.  
 
Limitations of CPAP 
➢ Impact of CPAP on hypertension   
Any improvement in hypertension in those with OSA is likely to be as a result of the 
reduction in sympathetic activity and the reduction in intermittent hypoxia as a result of the 
CPAP treatment.43  However, there is a lack of consensus surrounding the effect of CPAP on 
improving hypertension.38  as the research findings were inconclusive.  A study published in 
2013 had looked at the effect of CPAP on incident hypertension and cardiovascular events in 
725 adults with moderate-severe OSA and normal Epworth Sleepiness Scale (ESS) scores.91  
The authors concluded that CPAP did not reduce incident hypertension in non-sleepy patients 
with moderate-to-severe OSA compared with a no-treatment group.91  Additionally, a meta-
analysis of four randomised controlled trials of adults with minimally symptomatic OSA 
concluded that using CPAP slightly increased systolic blood pressure.92    
Furthermore, a study published in 2016 concluded that CPAP treatment in those with 
established cardiovascular disease and few symptoms of the OSAS did not lower the risk of 
serious cardiovascular outcomes.93  The authors investigated the impact of CPAP in 
preventing major cardiovascular events in 2717 adults with moderate-severe OSA, who were 
randomised to receive CPAP plus usual care or usual care alone.  Of the cohort in the CPAP 
treatment group (n=1,346), only 42% adhered to their CPAP use ( ≥ 4hours/night) during 
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follow-up. After a mean follow-up of 3.7 years, there had been a greater number of 
cardiovascular events in the CPAP group than the usual care group.93 
In contrast, a study that investigated the effects of CPAP on those with OSA and resistant 
hypertension, found that 12 weeks of CPAP treatment significantly reduced mean 24-hour 
blood pressure (p=0.001), systolic blood pressure (p=0.01) and diastolic blood pressure 
(p<0.001) compared with controls.94  This finding was supported by another meta-analysis of 
446 patients, published in 2016, that also demonstrated improvement in resistant 
hypertension in those using CPAP.95 
The AASM, in response to the revised 2017 American College of Cardiology and American 
Heart Association blood pressure guidelines acknowledged that the effectiveness of CPAP in 
reducing hypertension is not well established.96 
➢ Impact of CPAP on obesity 
Although CPAP reduces apnoea severity what is clearly evident is that CPAP does little, if 
anything, to address the issues associated with being overweight/obese.97  A recent meta-
analysis of 3,181 patients from 25 randomised controlled trials concluded that CPAP usage 
actually resulted in weight gain over time.98  Other studies have also demonstrated a link 
between CPAP usage and weight gain.17,99  Importantly, it has been suggested that factors, 
such as obesity, have a greater impact on quality of life in patients with OSA but this is not 
mitigated by CPAP therapy.100   
➢ Impact of CPAP on physical activity levels 
Disease severity is only weakly associated with CPAP adherence, thus it is likely that some 
who would benefit most from CPAP may find it difficult to tolerate, resulting in sub-optimal 
usage at best.101  Although CPAP has been demonstrated to improve fatigue, tiredness and 
lack of energy,102 in people with OSAS there is conflicting evidence regarding its impact on 
exercise capacity.  A 2013 study demonstrated improved exercise capacity in patients 
compliant with CPAP, resulting in those people undertaking greater levels of activity.34  A 
more recent study, which looked at changes in energy expenditure and step count before and 
one week after commencing CPAP or Bilevel Positive Airway Pressure (BiPAP TM ) therapy 
supports this finding.103  The authors studied 39 participants with moderate-severe OSA.  
Prior to treatment, mean daily step count was 7867.  One week after starting on CPAP or 
bilevel therapy, the mean daily step count had significantly increased to 12416 (p<0.0001).  
The main limitation of this study was that it did not include a control group. 
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Other studies have also shown that where CPAP is used with good effect, there does not 
appear to be a change in activity, despite improvements in daytime sleepiness and fatigue.19  
A randomised controlled trial of 36 men, with known T2DM, ESS score ≥9 (mean of 13) and 
recently diagnosed OSA, involved activity monitoring using wrist actigraphy for one week 
prior to commencement of CPAP treatment, and for another week three months into CPAP 
treatment, to determine the effect of CPAP on physical activity levels.  Despite a statistically 
significant improvement (p=0.04) in daytime sleepiness (a mean fall in ESS score of 6) in the 
CPAP group compared with the control group, there was no change in physical activity 
levels.19  Furthermore, two subsequent studies each observed that CPAP did not result in any 
change in physical activity levels or energy expenditure.18, 104 
 
Overall summary of CPAP 
As has been stated, CPAP is well established in the literature as the preferred treatment for 
reducing the incidence of overnight apnoea and hypopnoea events.  Despite this improvement 
in sleep quality, the introduction of CPAP appears not to elicit a change in diet or exercise 
habits.19  Additionally, in patients who have mild OSA or are asymptomatic, CPAP is an 
impractical and costly solution and thus is not often offered as a therapy for this group.  It is 
therefore necessary to consider risk factor modification in the wider population with OSA as 
an alternative means of intervention.  In patients with no or mild OSA, weight gain was found 
to be a predictor of the development of moderate to severe OSA.105  Physical activity 
intervention may offer a possible strategy to offset this weight gain.  In those with moderate-
severe OSA, CPAP is an effective treatment where tolerated but appears to have little or no 
impact on lifestyle factors. The idea of a multi-faceted approach to the management of OSA 
has been continually evolving with the development of surgical interventions, nutritional 
management and bariatric surgery amongst the options.85  Addressing low physical activity 
levels is another strategy that demands consideration. 
 
2.5 Physical activity and OSA 
Physical activity is any movement of the skeletal muscles of the body involving energy 
expenditure.23  The WHO recommends adults do at least 150 minutes of moderate-intensity 
physical activity a week23 and the current New Zealand guidelines for exercise are similar.37  
The WHO highlights insufficient physical activity as the fourth leading risk factor for death 
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globally.23  In the 2018/2019 NZ Health Survey, 14.0% of the general population engaged in 
little or no physical activity and 35.2% undertook insufficient physical activity.10  Importantly 
in the context of this literature review lower levels of physical activity are also associated 
with individuals with moderate-to-severe OSA.5, 106  
There is emerging evidence of the benefits of physical activity in reducing apnoea severity, 
with studies having demonstrated improvements following a period of moderate-to-vigorous 
exercise.31,28,25  Increased physical activity has other health benefits including maintenance of 
weight loss and reduced risk of CVD, hypertension and T2DM.  Despite the evidence to 
support its benefits the level of physical activity in this population diagnosed with OSA is 
unknown.36   
 
2.5.1 Association between physical activity and apnoea severity 
Chasens et al.107 found that OSA severity was associated with decreased objectively 
measured physical activity in older adults.  This finding was supported in the results of a 
study by Verwimp et al. where physical activity was measured using accelerometry.108  Data 
from 75 patients with somnolence and moderate-severe OSA were retrospectively analysed. 
The results indicated that low levels of physical activity were associated with apnoea severity 
in patients with moderate-to-severe OSA.108  A study by Simpson et al. which assessed 2,340 
patients at risk of OSA confirmed the results of the earlier study.106  All patients underwent 
PSG and were asked to detail activity levels using the self-reported Active Australia 
Survey,109 in which weekly time engaged in walking, moderate, and vigorous physical 
activity were recorded.  Those with moderate-to-severe OSA undertook lower levels of 
activity and the mean was statistically significant compared with the mean for controls 
(p<0.01), with 22% of the group undertaking no physical activity at all.106   
Additionally, a more recent study by Silva et al. investigated the association between physical 
activity, symptoms of OSA and apnoea severity in a cohort with severe OSA.110  Participants 
- 907 non-exercisers and 488 exercisers - all of whom underwent PSG and had an AHI ≥ 30 
events/h, were asked to complete sleep and physical activity questionnaires.  A statistically 
significant mean difference of p<0.001 was observed between exercisers and non-exercisers 
in terms of AHI, minimum oxygen saturations, time spent below 90% oxygen saturation and 
snoring intensity.110  These findings are supported by a further study, which concluded that a 
12 week physical activity intervention resulted in a reduction in AHI.111  However, this was 
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not statistically significant (p=0.09) and the study did not include a control group.  It should 
also be noted that the studies by Simpson et al. and Silva et al. both used self-reports of 
physical activity which may have overestimated physical activity levels.   
The link between low physical activity and apnoea severity does not appear to be limited to 
those with moderate-severe OSA.  A study by Murillo of Hispanic and Latino participants 
was a retrospective examination of 16,415 community dwelling individuals who had 
undergone a home overnight sleep study.  Physical activity levels were self-reported using the 
Global Physical Activity Questionnaire.112  The findings suggested that results for 
participants who undertook any level of moderate-vigorous physical activity (MVPA) (but 
did not meet the guidelines) and those who met the weekly recommendations for MVPA 
were both associated with a reduced risk of having mild, moderate or severe OSA compared 
with those who were physically inactive.112  
However, the findings of another study of older manual workers, with a mean age of 55.2 
years, which used an the ApneaLink device to diagnose OSA and self-reported physical 
activity (the Baecke Questionnaire) appear to contradict this.113  The authors concluded that 
although there was a statistically significant negative correlation between mean apnoea 
severity and physical activity levels (p=0.04), when adjusting for BMI, this relationship was 
not significant (p=0.23). 
Physical activity also appears to offer a small protective effect in the development of OSA.  
In a study by Mônico-Neto, those stratified as “active” had a lower risk of developing OSA 
when compared with those who were “low active”; the relative risk was 0.877 (95% CI 0.780 
to 0.986) .114  This potentially protective effect of physical activity is further highlighted by a 
more recent study, using data from the Ontario Health Study (n=155,448), where higher 
levels of total physical activity, vigorous physical activity and walking were all associated 
with a reduced prevalence of OSA.115 
Additionally, other studies have concluded that higher levels of physical activity confer 
added health benefits to the patient with OSA beyond changes in apnoea severity.  An eight 
to nine year follow-up study of 685 adults (211 with no OSA, 201 with mild OSA, 123 with 
moderate OSA and 123 with severe OSA) using PSG and the international physical activity 
questionnaire found that, in those with OSA, being physically active was protective against 
the development of T2DM.114   
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These results have further relevance when considering other modifiable risk factors in people 
with OSA. For example, the majority of adults with OSA are obese 31 and this obesity may 
co-exist with low physical activity and a largely sedentary lifestyle.  Therefore, promoting 
physical activity in this patient group should be considered for reduction of cardiovascular 
risk factors and prevention of other NCDs.   
The idea of physical activity as an adjunct in the management of OSA is now well established  
with both the AASM33 and the American Thoracic Society116 recommending exercise as one 
of the lifestyle treatments options for OSA.  The results from the studies such as the one 
referred to above by Mônico-Neto et al. suggest that physical activity may have a role not 
only in the management of OSA but also in its prevention.114  However, the precise 
mechanisms through which physical activity impacts OSA are not well understood. One 
hypothesis is that increased activation of the calf muscle pump, and the resultant reduction in 
leg fluid volume, results in less fluid shift from the legs to the neck during sleep, reducing the 
risk of upper airway collapsibility. 117   
 
2.5.2 Physical activity, weight loss and apnoea severity 
One suggestion put forward by Peppard et al. is that increased physical activity, in the form 
of exercise, can contribute to reduced symptom severity as a result of weight loss.105  Given 
the common co-existence of obesity with OSA,55 and the fact that the authors found a 10% 
reduction in weight predicted a 26% improvement in apnoea severity,105 weight loss appears 
to be a desirable outcome in this patient population.  Additionally, adults who are overweight 
or obese are more likely to report low levels of physical activity.32   Physical inactivity 
increases the risk of cardiovascular disease, risk of insulin resistance, and likelihood of 
depression; all conditions associated with OSA.118  Prescriptions for weight loss and exercise, 
in recognition of obesity as a risk factor for OSA, are rarely given.119  However, there is some 
evidence to suggest that, if patients do exercise, there are numerous potential benefits and that 
clinicians should be routinely addressing lifestyle factors in patients with OSA where 
relevant.119  Since type, frequency and intensity of exercise vary between studies this makes it 
difficult to draw clear conclusions.  In addition, several of the studies had small sample sizes, 
with no control group and no longer-term follow-up. 
In a small study of nine participants with mild-to-moderate OSA participants undertook a six 
month regimen of three times weekly exercise intervention – aerobic and resistance training 
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plus a single dietary counselling session at the start of the study.120  Findings demonstrated a 
statistically significant reduction in BMI and a significant improvement in AHI – to normal 
levels in two cases. All participants had an AHI <20 events/h by completion of study, with a 
mean decrease in AHI of 47%.  Besides its small sample size, the study had other limitations, 
such as a lack of control group.  Additionally, four participants were on CPAP at the start of 
the study, which could have had a confounding effect.  However, one positive aspect of this 
study was that, unlike others, it measured blood pressure at the beginning and end of the 
study. A reduction in blood pressure can give an indication of potential reduction in 
cardiovascular risk as a result of the exercise intervention.  
Another study, published in 2009, found there was a 25% mean reduction in AHI through 
weight loss but this was not considered statistically significant.97  The cohort of 12 
participants, with mild-to-moderate OSA, undertook a low energy diet and a 16-week 
resistance and aerobic exercise programme four or five times weekly.  The findings 
demonstrated a significant reduction in other markers including total body weight, BMI, 
body-fat percentage, waist circumference and daytime sleepiness.  This study comprised a 
small sample size, 75% of whom were women whereas it is known that OSA tends to affect a 
greater proportion of men.72  In addition, there was no control group, making establishment 
of cause and effect difficult, and threatening internal validity. 
A randomised controlled trial published in 2014, involved 22 participants with moderate-to-
severe untreated OSA, who undertook either four weeks of individualised exercise training, 
dietary management and education, or education only.121  The primary outcome was change 
in apnoea severity, as measured by AHI, between groups and from baseline to four weeks.  
Results showed a statistically significant reduction in AHI (p<0.005) from baseline following 
intervention, and compared with control, at four weeks.  The intervention group also 
exhibited significantly decreased BMI (p<0.01), fat accumulation (p=0.005), and neck 
circumference (p<0.005) after four weeks compared with controls.  Since this was an 
inpatient cohort, results cannot be generalised to the wider population with OSA and dietary 
and exercise benefits could not be individually determined.  Additionally, the four-week 
period, with no follow up, did not allow establishment of potential longer term benefits.121   
Other studies have included longer-term follow-up, but again with a combined focus on 
physical activity and diet.  Peppard and Young’s study, using the Wisconsin data and a large 
cohort of 690 adults, looked at the impact of weight change on sleep-disordered breathing 
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over a four-year time period.105  They concluded that weight gain predicted an increase in 
sleep-disordered breathing severity, with weight loss associated with a reduction in sleep-
disordered breathing severity or reduced risk of developing sleep-disordered breathing, 
independent of other confounding factors. Since this study did not link weight change to 
specific factors, such as physical activity or diet, it was not possible to determine the factors 
that influenced weight change. 
Another longitudinal study, the Sleep Action for Health in Diabetes (Sleep AHEAD) study, 
comprising overweight and obese patients with T2DM and OSA, compared changes in AHI 
over a 1 year and 4-year period.  The intervention group comprised a supported weight loss 
programme and 175 minutes a week of moderate-intensity activity, including brisk walking. 
The control group received education only.  The within groups comparison demonstrated a 
statistically significant improvement in AHI at one year (p<0.0001) in the intervention group 
which was associated with increased fitness levels.  However this association did not hold 
when weight change was included in the analysis..122  Therefore, when accounting for weight 
loss, increased fitness did not appear to confer any benefit in terms of reduction in AHI.  In 
common with the previous study, it is not possible to ascertain how much initial weight loss 
was attributable to physical activity compared with dietary control.   
Similarly, a study by Igelstrom et al. assessed the impact of physical activity and dietary 
advice on 86 overweight adults with moderate-severe OSA who were about to commence 
CPAP treatment.123  This study went a step further and incorporated behavioural change 
techniques, including goal setting and action planning in the intervention group, to assist with 
physical activity behaviour change and weight loss.  The control group received advice only.  
At six months, there was a mean reduction in AHI in the intervention of -9.9 events/h 
compared with -1.9 events/h in the control group.  Overall, there was a demonstrable 
improvement in OSA category from severe to moderate or mild OSA or from moderate to 
mild OSA; the odds ratio of improving category was 4.5 times higher in the intervention 
group. A key finding was that the lower body fat percentage at baseline was associated with a 
lower severity of OSA at six months. 
As outlined above, a number of studies have demonstrated improvements in apnoea severity 
with the combined diet and exercise approach, and weight loss appears to be a key factor in 
the reduction in AHI.  However, other studies and reviews have demonstrated improvements 
in AHI with exercise alone and in the absence of weight loss.  This was highlighted in a 
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recent systematic review by Edwards et al., who investigated the effectiveness of lifestyle 
interventions on weight loss and the severity of obstructive sleep apnoea.119  The review 
looked at diet only, exercise only and a combination of both in the treatment of OSA. Of the 
ten articles included, four RCTs included diet alone, four RCTs that included exercise alone 
and two RCTs that included a combination of both. Three of the studies included CPAP.  The 
findings indicated that AHI was significantly reduced in all three types of intervention, with a 
mean reduction in each case of 8.09 events/h (95% CI: -11.94 to -4.25).119  The change in 
AHI severity for each of the three interventions was similar over time, with narrower 
confidence intervals for the combined intervention.  For exercise only the mean reduction 
was 8.08 events/h (95% CI: -15.74 to -0.42), for diet only the mean reduction was 8.61 
events/h (95% CI: -15.89 to -1.33) and for the combination of diet and exercise the mean 
reduction was 8.15 (CI: -12.14 to -4.17). 
Such findings suggest that exercise itself may confer a protective effect in the management of 
OSA.  A number of studies have investigated the impact of physical activity or exercise on 
apnoea severity independent of weight loss. 
 
2.5.3 Physical activity and apnoea severity, independent of weight loss 
In the Sleep AHEAD study122 at four year follow-up, the improvement in AHI remained, 
despite a 50% weight regain, with 44% of participants demonstrating an improvement in 
OSA severity category, compared to only 18% of participants who were given diabetes 
support and education.  This sustained improvement in OSA severity, despite a 50% weight 
regain, suggests a benefit from physical activity beyond weight loss alone.  Several other 
studies25, 124, 125 have reported statistically significant reductions in apnoea severity, 
independent of weight loss, in patients who have undertaken a structured exercise 
intervention.   
The study by Giebelhaus et al.,25 published in 2000, was one the first to establish the benefits 
of exercise intervention in OSA unrelated to weight loss.  Eleven participants completed a 
weekly two-hour aerobic exercise session and a weekly two-hour resistance exercise session 
for a period of six months.  The outcome showed a significant reduction in respiratory 
disturbance index (a measure of apnoea severity) from a mean of 38.2/h to 23.6/h.  However, 
it is necessary to note that, in addition to the small sample, the intervention occurred only 
three months after initiating CPAP, which may have been a confounding factor. Due to issues 
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with mask fit and machine pressures, adherence can be a factor and, therefore, the benefits of 
commencing on CPAP treatment are not always immediate.126  
The study by Peppard and Young127 based on data from the Wisconsin Study, established an 
inverse relationship between hours of exercise and severity of sleep-disordered breathing.  
After adjusting for BMI and skinfold measurements, a moderate association remained.  This 
implies that physical activity can moderate the effects of OSA, even where no weight loss 
occurs.  However, these results should be interpreted with caution.  Despite the large sample 
(n=1104), the determination of an individual’s exercise level was based on a single question:  
“About how many hours per week—if any—do you spend at regular planned exercise (such 
as jogging, sports, exercise class, workouts at home or a gym)?” (p.481)  No data on type, 
frequency or intensity were obtained.  In addition, only “planned exercise” was included, 
which excluded active travel, and physical activity other than exercise, such as gardening or 
housework.  
A randomised controlled trial investigated the impact of a 12-week aerobic exercise 
programme on reducing apnoea severity in untreated adults, with moderate-to-severe OSA.124  
A total of 43 sedentary and overweight/obese participants, aged 18-55, were randomised to 
either an exercise intervention comprising 150 minutes a week of aerobic exercise plus twice 
weekly resistance training, or a stretching control group. There was a significant reduction in 
AHI in the exercise group when compared with control at 12 weeks (p<0.01).  The reduction 
in AHI in the intervention group from baseline to 12 weeks was also significant (p<0.01), 
with treatment success (post-training AHI < 20 and reduction 50% from baseline) in 25% of 
participants.  However, there was no significant change in body weight post-intervention.  A 
second study published in the same year produced similar findings.125  Twenty patients were 
randomised to either a ‘no treatment’ control group or an exercise group for breathing and 
aerobic exercises three times weekly for 12 weeks.  On completion, significant improvements 
in AHI were noted in the exercise group (p=0.02), while AHI in the control group remained 
unchanged.  BMI was similar in both groups at baseline and at 12 weeks.   
The argument for the benefits of physical activity is further supported by a study published in 
2015, which examined changes in OSA severity, following supervised exercise and dietary 
advice, in adults aged 60 years and over.128  The authors concluded that exercise training, 
independent of weight loss, led to significant reductions in abdominal adiposity and argued 
that sustained improvements in OSA severity may be due to relative improvements in body 
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fat distribution, specifically a reduction in visceral adipose tissue.  A limitation of this study 
was a lack of control group and the combination of dietary and exercise intervention, 
preventing independent analysis of the effectiveness of either intervention.  
An earlier study had looked at the benefits of combined resistance exercise and light intensity 
aerobic exercise on AHI.129  Institutionalised older adults (n=158) with either mild OSA 
(n=75) or moderate-severe OSA (n=88) were randomised to one of two groups for a seven 
week intervention. The exercise group undertook three sessions of resistance exercise and 
two sessions of light walking each week. The control group received usual care. The findings 
showed a mean reduction in AHI of -3.5 events/h in the exercise group at seven week follow-
up.129  The minimal clinically important difference (MCID) for AHI is considered to be 5 
event/hour.130 
Another study by Berger et al. explored the benefits of supervised community exercise in a 
cohort with OSA.131  The nine month exercise programme recruited 96 adults with moderate 
OSA. The programme entailed three supervised sessions a week – Nordic walking, aqua gym 
and gymnastics. Each session comprised a mix of aerobic and resistance exercise and was an 
hour long. The control group received education on healthy eating and physical activity over 
two group sessions.  By nine months, a higher proportion of the intervention group had 
reduced their AHI to less than 15 events/h.  This was statistically significant when compared 
to the control group (p<0.0001).  ESS scores were also significantly reduced in the exercise 
group (p=0.042).131 
While most studies to date have focused on supervised exercise, there is evidence that 
unsupervised exercise also has beneficial effects on AHI.  A recent feasibility study explored 
the impact of a 12-week unsupervised exercise training programme in ten participants aged 
over 50.111  Overnight sleep studies were conducted using the ApneaLink and physical 
activity was assessed using the International Physical Activity Questionnaire and 
accelerometry.  At the start participants received a 15-minute face-to-face intervention with 
advice on how to increase physical activity levels.  Participants were asked to report their 
daily activity levels at the end of each day, via text message.  Accelerometers were worn at 
each of three time points for seven days (at week one, week six, and week 12).  Lower levels 
of self-reported baseline activity were associated with a higher baseline AHI score.  At 12 
weeks, there was a statistically significant increase in physical activity levels (p=0.02) 
compared to baseline and a trend towards improvement in AHI.  Changes in AHI appeared to 
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be independent of changes in BMI.111  It is noted that this was a small study with only ten 
participants and there was no control group, which threatens the internal validity of the study 
findings.  However, others have reviewed the outcomes of unsupervised exercise in people 
with OSA. 
A systematic review and meta-analysis published by Aiello et al. reviewed the pre and post 
intervention outcomes of both supervised and unsupervised exercise in the management of 
OSA.132  The authors found that exercise was associated with a between groups reduction in 
AHI in favour of the intervention group (odds ratio: 72.33: 95% CI -27.906 to 187.491) and 
exercise was also associated with a reduction in ESS.  These findings were independent of 
type of exercise, frequency of exercise, duration of study, supervised or unsupervised 
exercise or CPAP usage.132   The mean reduction in AHI of four events/h in the meta-analysis 
was statistically significant (p<0.001).  This may not have represented a clinically significant 
change in those with severe OSA but in milder cases of OSA where the total AHI is below 15 
events/h, a reduction of four events/h could be considered a clinically important outcome.  
These findings support the assertion of others that improvements in AHI as a result of an 
exercise intervention can occur in the absence of a change in weight.111, 133 
Although there is a lack of consensus about the optimal type of exercise in the management 
of OSA, studies have been undertaken that involve a variety of different types of exercise, 
with promising outcomes. One study looked at the benefits of high-intensity interval training 
(HIIT) in adults with moderate-severe OSA.134  Fifteen participants randomised to the HIIT 
group over a period of 12 weeks attended twice weekly sessions, which involved four 
sessions of four minutes of treadmill walking or running at 90-95% of maximum heart rate 
with a three minute walking rest in between. The control group carried on as normal. At 12-
week follow-up, there was a statistically significant improvement in mean AHI of 24% in the 
HIIT group, with no change in the control group (p≤0.05).  Additionally, the ESS scores in 
the HIIT group improved significantly compared with control at 12 weeks (p≤0.05).134  
However it is necessary to note that in this study, despite randomisation, mean AHI in the 
HIIT group (31.4±21.7 events/h) was significantly lower (p≤0.05) than in the control group at 
baseline (50.3±25.5 events/h).  
Another study looked at the effects of Tai Chi and Qigong on apnoea severity.135  This was a 
12-week RCT involving 50 participants with mild to moderate OSA. Participants were 
randomised to the intervention group, which involved an hour of Tai Chi and Qigong training 
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three times a week, or to the control group who were given breathing and posture exercises to 
do at home.  At 12 weeks, the Tai Chi and Qigong group demonstrated a statistically 
significant improvement in mean AHI over time of -7.18 events/h., (p=0.001) compared with 
the control group.135  Additionally, there was a statistically significant improvement in ESS 
scores in the TCQ group over time (p=0.001).  
However, not all studies have demonstrated an improvement in AHI as a result of an exercise 
intervention.  One RCT published in 2020 involved 64 patients with moderate-severe OSA 
and low physical activity levels.35  The intervention group attended a two hour exercise 
session three times a week, comprising aerobic, resistance and balance exercises. The control 
group received only education sessions.  The primary outcome was AHI at eight weeks, 
which it could be argued is an insufficient time period to see physical activity benefits.  There 
was a statistically significant within groups change in AHI in the intervention group 
(p=0.009) but no statistically significant between-group differences in AHI at follow-up 
compared to baseline (p=0.22).  
 
2.5.4 Increasing physical activity and targeting sedentary time   
Sedentary time, as distinct from physical activity levels, is another aspect to be considered in 
adults with OSA.136  Sedentary behaviour is typically considered to be any waking activity 
characterized by low energy expenditure ≤1.5 metabolic equivalents in a seated or reclining 
position.137  It equates to less than 30 minutes of physical activity a week.138  Globally, 
sedentary habits are increasing139 and with the rise of portable electronic devices in addition 
to television, as an entertainment source, this trend looks set to continue.   
Higher levels of daily sedentary time are associated with greater risk of all-cause mortality.140  
Adults who are overweight or obese are more likely to report low levels of physical activity.32  
A 2014 study of 95 participants examined the relationship between blood pressure, physical 
activity and sedentary behaviours in participants with high cardiovascular risk and OSA.47 
High cardiovascular risk was assessed as the 10-year risk of a fatal cardiovascular event using 
the SCORE evaluation, which is based on age, gender, total cholesterol, systolic blood 
pressure and smoking status.  Physical activity and sedentary behaviours were measured by 
an activity monitor.  The primary finding was that a lower number of steps per day and a 
higher level of sedentary behaviour were the strongest predictors of elevated evening blood 
pressure.47  This suggests that more physical activity and less time spent sitting may 
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positively impact evening blood pressure levels in adults with OSA who present with high 
cardiovascular risk.  However, since blood pressure was self-measured, and there are 
naturally occurring fluctuations in the short term, some measurement inaccuracies may have 
been present in the results.   
It is suggested that adults with levels of sedentary time greater than 14 hours a day have a 
higher level of apnoea severity.141  In a population with OSA, the mean daily time spent in 
sedentary behaviours was shown to be 11 hours and 45 minutes.142 
It is also known that sedentary behaviour negatively impacts lower body fluid dynamics;143 
the corresponding reduction in ambulation and subsequent reduction in musculo-venous 
pump activity in the calves is related to greater accumulation of leg fluid volume.  Several 
studies have demonstrated a link between the degree of overnight rostral fluid shift from the 
legs to the neck region with an associated change in AHI severity and sitting time in the 
population with OSA.28 144, 145   
There is increasing evidence of the risks of sedentary behaviour independent of higher levels 
of physical activity.  The results of a study by Gennuso et al. suggested that physical activity 
and sedentary behaviour are unique entities, as some individuals who were sufficiently active 
also accrued high amounts of sedentary time and others, considered insufficiently active, 
demonstrated low daily levels of sedentary time.136  Furthermore, associations between 
sedentary behaviour, cardiometabolic risk, and physical function were not modified by 
participation in moderate-vigorous physical activity.136   
Recently published WHO guidelines on sedentary behaviour highlight the association 
between higher amounts of sedentary time and increased health risk.146  There is a strong 
recommendation to limit the amount of sedentary time in adults and to substitute time 
engaged in sedentary behaviour with physical activity of any intensity level.146, 147  There 
remains limited research on the impact of sedentary behaviour on OSA. 
 
However, the available evidence seems to suggest a dose-response relationship between 
sedentary time and mortality risk.  A study by Chau et al. concluded that for every additional 
hour spent sitting beyond seven hours a day, mortality risk increased by 5%.148  In additional, 
a retrospective study by Rogerson et al.149 determined that, compared with television viewing 
of less than two hours daily, where television viewing exceeded four hours a day, the 
increased risk of all-cause mortality was 1.52 higher.  Additionally, for some individuals 
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unable or unwilling to engage in exercise targeting a reduction in sedentary behaviour may 
well confer both physical and psychological health benefits.  Diehr et al. found that older 
individuals, who reduced their sedentary behaviour through a modest increase in walking, 
showed an improvement in self-rated health, activities of daily living and gait speed.150   
 
2.5.5 Physical activity and quality of life 
Participation in physical activity has also been demonstrated to improve quality of life indices 
in adults with OSA.151  The WHO Quality of Life group describe quality of life as an 
individuals’ perception of their life based on their culture, values and goals.152 
Impaired daytime functioning is the most common complaint associated with OSA153 and can 
present with a range of subjective symptoms, including daytime sleepiness, poor 
concentration, fatigue, morning headaches and depression.78  Studies have demonstrated an 
improvement in subjective symptoms, as a result of physical activity intervention, often 
independent of changes in apnoea severity.151  Hong and Dimsdale highlighted that sleep 
apnoea severity does not necessarily relate to subjective self-reporting of well-being.151  In 
their descriptive study, participants were divided into two groups, low active and sedentary, 
based on self-reported activity levels.  Results indicated a significant correlation between 
higher physical activity levels and better Short Form 36 (SF-36) vitality scores independent 
of apnoea severity and BMI (p<0.025).   
In the 2012 randomised controlled trial by Kline et al. the authors looked at quality of life 
measures as secondary outcomes with the primary aim of evaluating the efficacy of exercise 
training on OSA severity.153  Using the Profile of Mood States questionnaire, the authors 
found that exercise significantly decreased fatigue and increased vigour in the intervention 
group compared to control. The findings demonstrated significant improvements in fatigue 
(p=0.05), vigour (p=0.02), physical functioning (p=0.04) and vitality (p=0.03) compared to 
control group.  In the SF-36, the exercise group reported significant improvements in 
physical functioning, vitality, and mental health.  Although this study reported a significant 
reduction in apnoea severity following exercise intervention, and a correlation between 
changes in AHI and reduced fatigue, there were no other correlations between apnoea 
severity and subjective symptoms.   
The study by Lopes et al.154 considered the impact of varying apnoea severity on patient 
quality of life.  Each patient underwent PSG and by using results from the ESS, SF-36 and a 
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non-standardised Sleep Questionnaire, patients were classified into different groups.  The 
authors determined that those with moderate OSA who performed physical activity had better 
quality of life scores than the not-sleepy and non-physically active groups.  This study 
involved a large cohort of patients (n=1,384).  However, the key limitation is that physical 
activity was defined as ‘being active twice a week or more’, which is below WHO 
recommended guidelines; and secondly, activity was determined using self-report via non-
standardised questionnaire. 
Furthermore, other studies have shown improvements in subjective symptoms as a result of a 
physical activity intervention even where apnoea severity remains unchanged. A study by 
Burghin et al.35 concluded that there was a statistically significant difference between-group 
reduction in favour of the intervention group, in terms of fatigue as measured by the Fatigue 
Physical score (p=0.0003) on the Chalder Fatigue Scale; depressive symptoms as measured 
by the Hospital Anxiety and Depression Scale (p=0.007); and excessive daytime sleepiness, 
as measured by the ESS score (p=0.05).35  Additionally, a systematic review and meta-
analysis of seven and five studies respectively, published in 2020, concluded that exercise 
interventions in those with OSA significantly improved quality of life (p<0.05), sleep quality 
(p<0.05), and daytime sleepiness (p<0.05).155 
Conversely, low levels of physical activity have been linked to worsening subjective 
symptoms of OSA.  A retrospective study undertaken in 2010-2011108 used data from 75 
patients with untreated moderate-to-severe OSA (95% with AHI > 30) and daytime 
somnolence (ESS>10).108  The aim of the study was to determine whether OSA severity, total 
sleep time and other sleep parameters showed an association with physical activity levels and 
quality of life measures.  The study findings showed that a low rate of physical activity, 
defined as <10,000 steps/day, was correlated with lower quality of life, as measured by the 
‘mobility’ score on the Nottingham Health Profile questionnaire, a measure of subjective 
health status.  Results also demonstrated that in patients with low activity levels sleep 
perception was worse.  Furthermore, a study by Chasens et al.107 concluded that excessive 
daytime sleepiness was associated with perceived difficulty in physical activity as determined 




2.5.6 Physical activity, OSA and depression  
The prevalence of depression in the population with OSA is estimated at between 17% and 
41%,79 and a dose-response relationship exists between apnoea severity and depression.80  A 
Cochrane review concluded that exercise had a moderate clinical effect in the management of 
depression within the general population.83  A meta-analysis published in 2016 concluded 
that exercise confers significant improvements in overall quality of life in people with 
depression.156  It is possible then, that physical activity, in the form of exercise, may offer an 
adjunct to treatment for those with OSA and depressive symptoms.  A study by Kline and 
colleagues153 used the Centre for Epidemiological Studies—Depression scale to assess the 
effects of 12 weeks of exercise training on depressive symptoms in 43 participants with 
moderate-to-severe untreated OSA.  The findings suggested depressive symptoms were 
significantly reduced by exercise intervention (p≤0.05).153  However, these results need to be 
interpreted with caution since the cut off point for risk of clinical depression was a score of 
≥16 and, although the score was reduced in the intervention group compared with control, the 
mean baseline scores in both groups were well below 16.   
Another study recruited 629 adults, aged 18-71 years, with known mild-to-moderate 
depression,157 in order to investigate the relationship between habitual physical activity levels 
and severity of depression. The results suggested that those who had well-established 
physical activity habits experienced a significant reduction in depression severity over a 12-
week period (p<0.01).  Although this cohort did not have OSA, this has potential implications 
for the use of physical activity intervention in patients with OSA, who have a higher 
incidence of depression than the general population.82 
A systematic review by Mammen et al.158 looked at physical activity and depression, using 
data up to and including 2012, and included 30 studies, which were predominantly of high 
methodological quality.  It is unclear whether any of the included studies involved 
participants with OSA.  The results indicated that baseline physical activity was negatively 
correlated with risk of depression, suggesting that physical activity may provide a protective 
effect on the development of depression.  This is further highlighted in a study looking at 
physical activity in moderate-severe OSA,106 where depression was more prevalent in those 
who did little or no exercise in comparison with those who exercised regularly. 
The full impact of physical activity in the population with OSA has yet to be fully 
ascertained.  Few studies focused on exercise interventions in this population have sought to 
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determine the effect on depression.  More trials are required to clearly establish the extent to 
which exercise can mitigate depressive symptoms in the population with OSA. 
 
2.5.7 Comparison of physical activity with other treatments for OSA 
Having recognised the potential value of physical activity as a treatment option for OSA, 
authors of some studies, have compared physical activity with more established treatments. 
One study compared the effects of exercise, CPAP or a combination of both in a group of 
patients with OSA and heart failure.159  Here, 65 participants were randomised into one of 
four groups – exercise, exercise plus CPAP, CPAP or control.  The exercise groups attended 
combined aerobic and strengthening sessions three times a week over three months.  There 
was a statistically significant between groups reduction in mean AHI over time in  the 
exercise plus CPAP group compared to the control group (p<0.001).  Significant changes in 
quality of life, as measured by the SF-36, were seen in the exercise group and exercise plus 
CPAP group, compared with control group at three months (p<0.001).159 
Another study compared the effects of CPAP, mandibular advancement devices, exercise 
training and dietary change on apnoea severity.160  This meta-analysis concluded that CPAP 
was the most effective treatment for reducing AHI; second was exercise training.  The 
greatest reduction in symptoms, as assessed by ESS, was from exercise training, followed by 
mandibular advancement devices. 
However, the evidence for the effectiveness of exercise compared with more established 
treatments is not conclusive. One study compared the differing effects on sleep parameters of 
physical exercise, CPAP and oral appliances.161  Male participants (n-25) with moderate-to-
severe OSA were randomised to one of three groups: CPAP, oral appliance or exercise.  
Those in the exercise group completed an hour of supervised aerobic and resistance exercise 
three times weekly for two months.  The exercise protocol and intensity were not stated; thus 
replication is not possible.  However the results demonstrated within groups reductions in 
AHI in both CPAP group (p<0.001) and oral appliance group (p<0.001) but not in the 
exercise group.161  The exercise group alone showed a significant improvement in ESS scores 
(p<0.05) but mean baseline ESS scores in the CPAP and oral appliances groups were 
considerably lower at baseline and within normal range, so may have been less sensitive to 
change.   
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2.5.8 Physiological response to exercise in OSA 
While an increasing number of studies appear to have established the efficacy of exercise in 
sleep apnoea management, 25, 110, 119, 121, 124, 125, 131, 134 there is a lack of consensus on the 
mechanism or mechanisms by which exercise works.  Potential mechanisms include fat 
redistribution, strengthening of upper airway musculature, overnight rostral fluid shift, 
increased slow wave sleep and reduced nocturnal blood pressure.29 
 
2.6 Chapter summary 
The potential value of physical activity in the management of OSA is now recognised and 
studies have demonstrated improvements in both apnoea severity and symptoms.  Although 
there is a lack of robust data from the quality assessment of the included studies in this 
literature review, the salient studies in the field, all of which met the PEDro score for high 
quality methodology (six out of 10 or greater), reached similar conclusions (Table 2.1).  
Together they provide strong support for the notion that including physical exercise in the 
management of OSA is beneficial to improving apnoea severity.  
Additionally, exercise is known to reduce the risk of other conditions commonly associated 
with OSA, such as obesity, CVD and T2DM.  Although the optimal level of physical activity 
has yet to be established in terms of type, frequency, intensity and duration, it appears that 
any level of physical activity confers health benefits over sedentary behaviour.  Currently, 
little is known about the levels of physical activity in adults with OSA in comparison to 
WHO recommendations.  Furthermore, there has been limited focus on the perceived barriers 
to activity in a cohort with OSA.  With this background the aim of our initial study described 
in Chapter 3 was to determine physical activity levels and undertake comparisons with 
current WHO guidelines for physical activity in patients at risk of OSA.  We also sought to 
establish levels of physical activity in our cohort, time engaged in sedentary behaviour, the 
impact of physical and emotional health, and barriers to activity.   
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Table 2. 1: Findings from the eight key studies included in the literature review 
Article title Authors Year  Study design Guidelines used/PEDro 
score 
Key outcome 
Assessing the impact of diet, 
exercise and the combination of 
the two as a treatment for OSA: 
A systematic review and meta-
analysis 
Edwards et al. 2019 Systematic review of literature 
of 10 RCTs, involving 702 
participants  
Systematic review 
undertaken in line with 
Cochrane Collaboration 
recommendations and in 
accordance with PRISMA 
guidelines 
Weighted mean difference in 
AHI in favour of lifestyle 
intervention of −8.09 events/h 
(95% CI: −11.94 to −4.25) 
Effect of exercise training on 
sleep apnea: A systematic 
review and 
meta-analysis 
Aiello et al. 2016 Systematic review of literature 
from 2014 and earlier; 8 studies 
involving 180 participants  
Systematic review 
undertaken in accordance 
with PRISMA and MOOSE 
guidelines 
The main finding was that 
exercise improves both AHI and 
ESS in patients with OSA 
irrespective of exercise type, 
duration or frequency. 
Effects of Exercise Training on 
Sleep Apnea: A Meta-analysis 
Iftikhar et al.  2014 Meta-analysis included studies 
published prior to March 2013; 




undertaken in accordance 
with PRISMA and MOOSE 
guidelines 
Significant between groups 
difference (p=0.008) in AHI in 
favour of exercise groups of -
7.174 events/h (95 % CI: -1.867 
to -12.482) 
Effects of an individualized 
exercise training program on 
severity 
markers of obstructive sleep 
apnea syndrome: a randomised 
controlled trial 
Burghin et al. 2020 RCT, n=64; moderate-severe 
OSA 
Intervention group: exercise 2 
hour session 3 x weekly for 8 
weeks 
Control group: education 
session 
PEDro score: 6/10 Significant between groups 
difference in AHI during REM 
sleep over time in favour of 
intervention group of -13.70 
events/h (95% CI -5.22 to  
-24.70) 
Improvement in obstructive 
sleep apnea after a tailored 
behavioural sleep medicine 
intervention targeting 
healthy eating and physical 
activity: a randomised 
controlled trial 
 
Igelstrom et al. 2018 RCT, n=86; moderate-severe 
OSA 
Intervention group: CPAP and 
behavioural sleep medicine 
intervention targeting physical 
activity and eating behaviour – 
8 to 10 sessions over 6 months  
Control group: CPAP and weight 
loss education 
PEDro score: 6/10 The odds ratio of improving 
in OSA category in the 
experimental group was 4.5 
(95% CI: 1.226 to 16.586) 
after adjusting for baseline 




The Effect of T’ai Chi and 
Qigong Training (TCQ) 
on Patients with Obstructive 
Sleep Apnea: 
A Randomized Controlled Study 
Yilmaz Gokmen et al. 2018 RCT, n=50; mild to moderate 
OSA 
Intervention group: TCQ 
training 1 hour 3 x weekly for 
12 weeks + home exercise 
programme 
Control group: home exercise 
programme 
PEDro score: 8/10 Significant between groups 
difference in AHI over time in 
favour of intervention group of 
7.18 events/h (p=0.001) 
High-intensity interval training 
improves obstructive sleep 
apnoea 
Karlsen et al. 2017 RCT, n=30; moderate-severe 
OSA 
Intervention group: high 
intensity interval training 90 
minutes 2 x weekly for 12 
weeks 
Control group: normal lifestyle  
PEDro score: 7/10 No significant between groups 
difference in AHI over time 
(p=0.2) 
The Effect of Exercise Training 
on Obstructive Sleep Apnea and 
Sleep Quality: A Randomized 
Controlled Trial 
Kline et al. 2011 RCT, n=43; moderate-severe 
OSA 
Intervention group: 150 
minutes of aerobic exercise 
over 4 sessions per week + 2 
resistance training sessions per 
week for 12 weeks 
Control group: 2 stretching 
sessions per week for 12 weeks 
PEDro score: 7/10 Significant between groups 
difference in AHI over time in 
favour of intervention group 
(p=<0.01) 
PRISMA = Preferred reporting items for systematic reviews and meta-analyses; MOOSE = Meta-analysis of observational studies in epidemiology 
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CHAPTER 3: A DESCRIPTIVE STUDY OF PHYSICAL ACTIVITY BEHAVIOUR 
IN ADULTS AT RISK OF OSA 
 
3.1 Introduction  
As previously stated, to support those at risk of OSAS it is necessary to establish a profile of 
this population, in terms of health risk factors and lifestyle factors, and to establish current 
activity levels, emotional status and perceived barriers to activity for this group.  Levels of 
physical activity need to be quantified in comparison with WHO guidelines.  At present, for 
adults referred to the Dunedin Sleep Service, no information on physical activity levels is 
currently obtained and no specific activity-based intervention exists for this patient 
population.  Furthermore, a profile of wellbeing and quality of life is not routinely 
investigated. The purpose of this study was to investigate physical activity patterns, levels of 
emotional wellbeing and barriers to activity in a local cohort of adults at risk of OSAS.  This 
information will identify the potential need for barriers to activity to be addressed in those at 
risk of OSAS, or diagnosed with OSA, as well as the potential to increase their physical 
activity levels through targeted physiotherapy intervention will be known. This, in turn, 
should improve health outcomes and reduce health-related costs. 
 
3.2 Methods 
This chapter outlines the study design, the method of recruitment of participants and the 
outcome measures used.  It also details the method of data analysis.  
3.2.1 Aim 
The aim of this study was to investigate physical activity levels, emotional well-being, and 
barriers to activity in adults at risk of OSAS.   
3.2.2 Ethics approval 
Ethics approval was sought from the University of Otago Ethics Committee in New Zealand 
(Ethics Committee reference number H16/041) and full approval was granted in April 2016 
[Appendix 1].   
Consultation with Māori was conducted through the Ngāi Tahu Research Consultation 
Committee and ethical approval for this study was granted on 01.03.2106 [Appendix 2]. 
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3.2.3 Study design  
The study design was a cross-sectional observational study with eligible participants recruited 
from general practitioner/medical referrals to the Sleep Clinic, at Dunedin Public Hospital, 
with symptoms suggestive of being at high risk of OSAS.  Data were obtained during a single 
session with each participant between April 2016 and July 2016. 
➢ Sample size 
A convenience sampling method was used, with participants being  selected based on their 
availability.  This allowed achievement of an appropriate sample size of 60 from the target 
population; the Sleep Clinic averages 40 referrals/month, of which approximately 70% met 
the eligibility criteria for the study.  With a response rate of 60%, the required sample was 
obtained within four months. 
3.2.4 Participants  
➢ Recruitment 
The process for recruitment of participants is outlined in Figure 3.1.  All referred patients had 
completed the standard Sleep Service Patient Questionnaire [Appendix 3].  As part of routine 
clinical practice, the results from the self-reported questionnaire were used by the consultant 
physician at the Sleep Service, to triage the referral based on the clinical information 
provided.  Patients assessed as having a risk of OSA were categorised as either urgent, semi-
urgent or routine and placed on the Sleep Service waiting list.  An urgent classification is an 
ESS score of >18, or cardiac failure, or a near miss or accident at work, being a heavy vehicle 
driver, pilot or heavy machinery operator, or having loss employment due to symptoms.  A 
semi-urgent referral is classified as being a snorer and at least three of the following: 
BMI>30kg/m2, age≥50 years, male or neck circumference >43cm; or a high degree of 
daytime sleepiness (ESS score of 15-17); or resistant hypertension, stroke or difficult to 
control diabetes or depression.  A letter from the study supervisors [Appendix 4], was mailed 
to the patients on the waiting list, inviting them to participate in the research study.  A 
participant information sheet detailing the study aims and what would be involved in the 
study was enclosed [Appendix 5].  All those sent a letter received a follow up phone call from 
the researcher (SR) to discuss any questions arising from the participant information sheet 







Figure 3. 1: Flowchart showing recruitment of study participants from amongst those who 
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➢ Inclusion criteria 
Adults referred to the Sleep Clinic with symptoms typical of OSAS, including daytime 
sleepiness and an ESS score ≥ 11, which represents a degree of excessive daytime 
sleepiness.162  They were awaiting further screening and prioritisation for an overnight sleep 
study, based on being triaged as urgent, semi-urgent or routine, to confirm the diagnosis of 
OSA. 
➢ Exclusion criteria   
Symptoms suggestive of a sleep disorder other than OSA (e.g. insomnia), inability to provide 
informed consent, inability to complete health related questionnaires independently and in 
English, or already receiving CPAP treatment.  
 
3.2.5 Data collection 
As stated above, prior to gaining written informed consent [Appendix 6] potential 
participants were given the opportunity to discuss the study details and ask any questions. 
Each participant was assigned a unique identifier, generated by a random number sequence 
generator, to ensure data remained anonymous.     
Each participant attended an individual appointment with the researcher (SR), which lasted 
approximately one hour. This was the participant’s only involvement in the study.  SR 
undertook the anthropometric measures and two interviewer-led standardised questionnaires 
and supervised the completion of the five standardised self-reported questionnaires. 
 
3.2.5.1 Anthropometric measurements 
 
➢ Neck circumference 
Neck circumference that exceeds 43cm in men and 38cm in women has been shown to be  
both a risk factor and indicator of OSA.163  It has long been established that excess fat 
deposition in the neck region increases the likelihood of OSA, with patients experiencing 
apnoeas exhibiting significantly larger neck circumferences than controls.164  A novel pilot 
study looked at an individual’s inability to fit their hands around their neck, as a simple 
diagnostic test for OSA165 and found it to be 100% predictive of OSA (AHI≥5).  However, 
this method also generated a high rate of false negatives (31.6%), so needs to be considered 
with caution.  An earlier study investigated the correlation between various anthropometric 
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measures (BMI, hip circumference, abdominal circumference, neck circumference) with 
apnoea severity, as measured by AHI, in 82 adults.166  The findings demonstrated a 
significant correlation between neck circumference, abdominal circumference, and hip 
circumference, and OSA severity, with the strongest relationship observed between neck 
circumference and AHI severity.   
Neck circumference was measured in a standing position, and taken at the level of C4, using 
an anthropometric tape measure.  The participant was asked to stand with the head in the 
natural head position and shoulders relaxed.  They were asked to nod their head three times 
and look straight ahead.167  Measurements were recorded in centimetres and millimetres, to 
the nearest millimetre. 
➢ Waist circumference  
An increased waist circumference is an indicator of excess visceral fat, which is associated 
with an increased risk of CVD, as well as T2DM.168   Davidson et al. investigated various 
anthropometrics as predictors of sleep-disordered breathing, comparing AHI scores with 
BMI, neck circumference, waist circumference and waist-hip ratio.169  The authors’ 
concluded that waist circumference was a better predictor of sleep-disordered breathing than 
either neck circumference or BMI.  However, they defined increased waist circumference for 
both males and females as ≥ 102cm.  There exists a lack of consensus in the parameters being 
used since other studies use ≥102cm for males and ≥88cm for females,170 in line with WHO 
cut-off points for substantially increased metabolic risk.  
Table 1 shows the risk of metabolic complications by waist circumference and waist-hip 
ratio.  These same cut-off points are used by the World Heart Federation in determining risk 
for the development of cardiovascular disease.171  
Waist circumference was measured horizontally on bare skin at the mid-point between the 
right lower rib margin and the iliac crest using an anthropometric tape measure with the 
subject in standing and at the end of a normal expiration.  The tape was positioned snugly but 














M = men; W = women 
➢ Waist-to-height ratio 
A systematic review and meta-analysis published in 2011173 concluded that waist-to-height 
ratio was a superior screening tool for identification of obesity-related cardio-metabolic risk 
in adults, compared to BMI or waist circumference.  A recent study, published in 2015, 
compared BMI, body adiposity index, waist circumference, waist-to-hip ratio and waist-to-
height ratio as predictors of cardiovascular disease risk in adults.174  The findings suggested 
that a combination of BMI and waist-to-height ratio offered the most accurate clinical option 
in terms of identification of cardiovascular risk.  
➢ Blood pressure  
Blood pressure was calculated using a calibrated OMRON HEM-7221 monitor, which is 
internationally approved as an accurate and valid measurement tool for blood pressure.175  
Participants sat quietly in a chair with back support, with both feet flat on the floor, for at 
least five minutes prior to measurement.  The appropriate-sized cuff was placed on the bare 
arm supported at heart level, with any restrictive clothing removed, if necessary.  The 
participant was asked to relax their hand. Blood pressure measurement was taken twice, in 
the right arm, and the lower of the two readings used.  Where the two readings varied 
markedly, a third reading was taken. 
➢ Heart rate 
Heart rate was recorded in beats per minute with the participant at rest, having sat quietly for 
at least five minutes.  A calibrated monitor EDAN H100 pulse oximeter was used.176 
➢ Oxygen saturation 
Oxygen saturations were recorded with the participant at rest, having sat quietly for at least 
five minutes.  A calibrated monitor EDAN H100B pulse oximeter was used.176 
Indicator  Cut-off points Risk of metabolic complications 
Waist circumference >94 cm (M); >80 cm (W) Increased 
Waist circumference >102 cm (M); >88 cm (W) Substantially increased 




Height was measured in centimetres, without shoes, to the nearest 0.1cm, using a Charder 
HM200P portable stadiometer.177  Participants were instructed to stand with feet together and 
heels, buttocks and upper back touching the stadiometer, with the head in the natural head 
position.  The board was lowered until firmly touching the participant’s head and the 
measurement was taken in centimetres. 
➢ Weight 
Weight was measured while wearing light clothing and without shoes, using a Seca 813 
electronic flat scale178 to the nearest 100 g.  The Seca digital scales hold a maximum of 200 
kilograms and their extra width and proximity to the floor, allow for ease of use.  The scales 
were calibrated prior to use. 
 
3.2.5.2 General data 
Data on age, gender, ethnicity, medical history (including T2DM, CVD, stroke and 
hypertension), sleep health, medications, alcohol and caffeine use, smoking habits/history, 
and screen time habits were obtained using standardised interview questions [Appendix 7]. 
 
3.2.5.3 Questionnaires 
Seven questionnaires were used to gather data relating to patient health, symptoms related to 
OSAS, lifestyle factors, quality of life, emotional well-being, activity habits and barriers to 
activity. 
 
➢ Epworth Sleepiness Scale (ESS)  
The ESS162 [Appendix 8] is widely used in the assessment of OSA.  It has established test-
retest reliability (r = 0.82), can differentiate between adults with and without OSA, and has 
been validated against the Multiple Sleep Latency Test.153  It measures degree of daytime 
sleepiness by the participant rating their likelihood of falling asleep during eight common 
sedentary situations.162  It is short and quick for the participant to complete.  However, it is 
noted that the symptoms of OSAS, as determined by the ESS, do not correlate with AHI 





➢ The Medical Outcomes Study 36-item Short Form survey (SF-36) 
The SF-36 [Appendix 9] is a globally used quality of life questionnaire and has been used in 
published studies from more than 50 countries and translated into at least 22 languages.181   It 
has been widely validated for numerous professions and patient populations182,181 and 
correlates strongly with other Quality of Life questionnaires.  It provides a comprehensive 
overview of various tenets of quality of life and has been widely used in the population with 
OSA.183   
The original SF-36, available courtesy of RAND, is a commonly used, self-administered 
measure of patient health and disease burden across eight subscales, including physical 
functioning, emotional well-being and social functioning.184  The eight subscales have good 
internal consistency (α = 0.73–0.96) and test-retest reliability (r = 0.60–0.81) and the 
questionnaire has been validated by its ability to differentiate between clinical morbidities.153  
The SF-36 is scored out of a potential 100% for each category.  The lower the percentage, the 
more adversely that element of quality of life is affected.  Lower scores indicate greater 
illness-related disability.   
 
➢ Beck Depression Inventory (BDI) 
The Beck Depression Inventory [Appendix 10] is clinically sensitive and widely accepted as 
an indicator of symptoms associated with depression and is used in a variety of both 
medically unwell and normal populations and age groups.185  It has established reliability and 
validity.186  There exists an association between OSA and depression (both diagnosed and 
undiagnosed) with some studies demonstrating a correlation between Beck Depression 
Inventory scores and the low point of arterial oxygen desaturation.78  The Beck Depression 
Inventory takes only a few minutes to complete.187  
 
➢ PAR-Q+ 
The PAR-Q+ [Appendix 11] is a pre-participation screening tool used to evaluate an 
individual’s readiness for engaging in physical activity.188  It has been systematically 
reviewed to ensure it enhances the effectiveness of medical clearance to participate in 




➢ Global Physical Activity Questionnaire 
The Global Physical Activity Questionnaire190 [Appendix 12] is a WHO questionnaire 
designed to measure the extent of moderate and vigorous physical activity undertaken in a 
typical week, and enables comparison with current WHO guidelines.  It is used in over 50 
countries191 and has been translated into at least nine languages.190  It has been validated and 
has established reliability.192  Although not designed for specific use in the population with 
OSA, it has been used in a wide variety of patient groups.  
The Global Physical Activity Questionnaire assesses three domains in which physical activity 
is performed - occupational, transport-related and recreational - incorporating duration, 
intensity and frequency.  It also records time spent in sedentary behaviour.190 
 
➢ Barriers to Activity Questionnaire  
The Barriers to Activity Questionnaire [Appendix 13] was developed for this study.  It is a 
Likert scale questionnaire comprising a number of statements related to activity participation.  
The process of developing the questionnaire is outlined in Appendix 14.  
 
➢ Sleep Service Patient Questionnaire  
This is a standardised questionnaire formulated by the Dunedin Public Hospital Sleep 
Service, which provides information to allow for triage of patients at risk of OSA in the 
Otago region [Appendix 3]. 
Subsequent to the interview and data collection some participants on the waiting list 
underwent an overnight PSG for confirmation of OSA diagnosis as part of the Sleep Service 
protocol.   
 
3.2.6 Data analysis 
The data obtained were entered into an Excel spreadsheet which only the researcher and 
primary supervisor had access to.  Data were analysed using descriptive analysis to provide 
information on mean, standard deviation, range, and percentages for factors relating to 
physical activity, lifestyle factors and limitations to activity involvement.  Correlation 
analysis, using Pearson’s coefficient of correlation, was used to determine the direction and 
strength of the relationship between the continuous variables of anthropometric values and 
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physical activity levels.  Results were provided to the Sleep Service consultant in an 
electronic reporting format. 
 
3.3 Results 
A total of 160 potential referrals were available on the database; 116 were deemed to meet 
the inclusion criteria and were sent a letter of invitation; n=88 were followed-up by 
telephone. Of these, 60 agreed to participate and completed all the questionnaires and had 
objective measures taken.  Since this was a single intervention, a full data set was obtained 
for each participant to be included. 
3.3.1 Demographic characteristics of participants 
The demographic characteristics of the study cohort (n=60) are detailed in Table 3.2.  In our 
study, the mean age was 53.9 years (range 25.5 years to 77.5 years) with 52 aged 40 years 
and over; n=35 were male and 25 were female. 
 
Table 3. 2: Demographic characteristics of study participants (n=60) 






 Mean ± SD  Mean ± SD Mean ± SD  
Age (years) 51.4 ± 12.1 57.9 ± 12.5  53.8 ± 12.4 50.6 to 57 
Height (cm) 175.2 ± 6.2 159.7 ± 6.6 169 ± 9.9 166.4 to 171.6 
Weight  (kg) 109.7 ± 23.8 97 ± 26.8 104.4 ± 25.7 97.8 to 111 
BMI (kg/m²) 35.66 ± 6.9 37.96 ± 9.8 36.62 ± 8.3 34.52 to 38.72 
WC (cm) 113.7 ± 18.9 112.1 ± 20.3 113 ± 19.3 108 to 118 
NC (cm) 44.1 ± 3.4 39.6 ± 4.6 42.4 ± 8.3 40.3 to 44.5 
WHtR 0.65 ± 0.12 0.7 ± 0.12 0.67 ± 0.12 0.66 to 0.69 
Ethnicity, number (%)    
New Zealand 
European  30 (85.7) 20 (80) 50 (83.3)  
Maori 2 (5.7) 2 (8) 4 (6.7)  
Pacific 2 (5.7) 0 (0) 2 (3.3)  
Asian 0 (0) 1 (4) 1 (1.7)  
Other 1 (2.9) 2 (8) 3 (5)  





➢ Waist circumference  
Seventy-three percent (n=44) of our total cohort had a waist circumference exceeding the 
recommended level.  There exists a significant negative correlation between waist 
circumference and physical activity levels (r=-0.27, p<0.05). 
➢ Neck circumference  
For males, a neck circumference >43cm is considered to be high, and in females the value is 
>38cm.  Mean neck circumference for those with an AHI ≥ 15 (n=14) was 46.2cm compared 
with 42.2cm across the whole cohort. 
Overall, 2 (3.3%) study participants were of normal weight, 12 (20%) were overweight and 
46 (76.7%) were classified as obese.  Figure 3.2 displays the number of study participants 
meeting the WHO and New Zealand Ministry of Health guidelines for weekly physical 
activity with participants grouped by BMI classification.  Of those not meeting the guidelines 
19 (95%) were obese; only 26 (68%) of those meeting the guidelines were obese.    
 
 
Figure 3. 2: BMI classification of study participants (n=60) grouped by those meeting and 















































































































3.3.2 Physical Activity  
Thirty-eight of the total study participants met the WHO recommended physical activity 
guidelines and 22 did not.  It is recommended that adults do at least 150 minutes of moderate-
intensity aerobic physical activity a week or at least 75 minutes of vigorous-intensity aerobic 
physical activity a week, or an equivalent combination of both, for health benefits.   
Figure 3.3 shows the type of physical activity undertaken in a typical week by study 
participants.  Twenty-three participants were physically active in both an occupational and 
recreational capacity.  Of those participants who were physically active in their recreational 
time (n=30), the majority were involved in more than one type of activity. 
 
 
Figure 3. 3: Type of physical activity undertaken by study participants (n=60) 
 
 
➢ Physical activity and co-morbidities 
 
The prevalence of hypertension, obesity, T2DM, arthritis and COPD was higher in the group 























➢ Readiness for exercise 
Using self-reported data from the PAR-Q+ screening questionnaire, 35 of total participants 
(n=60) were ready for exercise without requiring medical clearance.  Of those requiring 
medical clearance (n=25), nine experienced chest pain at rest or during physical activity and 
16 had experienced loss of balance due to dizziness/loss of consciousness in the past 12 
months. 
 
Table 3. 3: Incidence of co-morbidities of 60 participants grouped by those meeting and those 
not meeting WHO physical activity guidelines 
Condition, number (%) Met WHO 
guidelines (n=38) 







18 (47%) 18 (82%) 16.3% 
CVD 
 
9 (24%) 6 (27%) 4.6% 
Obesity 
 
26 (68%) 21 (95%) 30.7% 
T2DM 
 
2 (5%) 8 (36%) 5.5% 
Hypercholesterolaemia 
 
12 (32%) 8 (36%) 11.3% 
Arthritis 
 
15 (39%) 12 (55%) 17% 
COPD 
 
1 (3%) 4 (18%) 10% 
CVD = cardiovascular disease; T2DM = type 2 diabetes; COPD = Chronic obstructive pulmonary disease 
 
➢ Sedentary behaviour 
Almost a third of our cohort were sedentary for greater than seven hours daily.  Sedentary 
behaviour was more common in males than females, with almost half of all males reporting 
spending greater than seven hours being sedentary in a typical day.  For those who exceeded 
seven hours, the average daily sedentary time for males was 10.1 hours and for females it was 






Table 3. 4: Typical number of sedentary hours per day of 60 study participants 
Sedentary behaviour (hrs/day), 
Number (%) 
Males, (n=35) Females, (n=25) Total participants, 
(n=60) 
<2 2 (5.7) 0 (0) 2 (3.3) 
2 to 4 4 (11.4) 7 (28) 11 (18.3) 
4 to 7 10 (28.6) 10 (40) 20 (33.3) 
>7 16 (46) 3(12) 19 (32) 
 
➢ Physical activity and daytime sleepiness 
 
Of those who met WHO guidelines for physical activity, mean ESS total score was two 
points higher at 13.5 compared with 11.3 in those not meeting the guidelines. 
 
Figure 3. 4: A comparison of daytime sleepiness, as evaluated by Epworth Sleepiness Scale 
score, in 60 study participants, based on those meeting and not meeting WHO physical 
activity guidelines 
 
3.3.3 Motivation and barriers to activity 
Low motivation was the biggest barrier to activity in those not meeting the WHO guidelines.  























Degree of daytime sleepiness
Meeting physical activity guidelines Not meeting physical activity guidelines
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In those meeting the WHO guidelines, low motivation was also the most commonly cited 
barrier to physical activity. 
3.3.4 Emotional wellbeing 
Six female and five males recorded depressive symptoms.  Seventeen of the cohort were 
prescribed anti-depressants (8 females, 9 males) and, of those, nine were classified as having 
minimal depressive symptoms (Figure 3.5).  Fourteen participants were classified as having 
depressive symptoms by Beck Depression Inventory score but were undiagnosed.   
 
Table 3. 5: Barriers and facilitators to physical activity in those meeting WHO physical 
activity guidelines and those who were not 
Barrier/Facilitator to physical 
activity, number (%)  
Met WHO physical activity 
guidelines (n=38) 
Did not meet WHO physical 
activity guidelines (n=22) 
Low motivation 27 (71%) 20 (91%) 
Lack of time 10 (26%) 9 (41%) 
Activity feels good 30 (79%) 17 (77%) 
Find activity boring 7 (18%) 9 (41%) 
Find activity painful 17 (45%) 16 (73%) 
Gives me confidence  29 (76%) 16 (73%) 
Gives me more energy 25 (66%) 12 (55%) 
I worry about overdoing it 13 (34%) 11 (50%) 
It’s not important to me 6 (16%) 4 (18%) 
I’d like to do more 33 (87%) 20 (91%) 
Lack of facilities 7 (18%) 6 (27%) 
I don’t know where to go 2 (5%) 3 (14%) 
Costs too much 14 (37%) 10 (46%) 






Figure 3. 5: A comparison of depressive symptoms of 60 study participants meeting and not 
meeting WHO physical activity guidelines, as classified by Beck Depression Inventory score 
 
The SF-36 is scored out of a potential 100% for each category.  The lower the percentage, the 
more adversely that element of quality of life is affected.  It is apparent that in all quality of 
life indices, except general health and social functioning, females scored lower than males.  
Both males and females scored lowest in the energy/fatigue category (40% and 31% 
respectively) (Table 3.6). 
 
3.3.5 Health profile of study participants by sex and age 
Co-morbidities of study participants are detailed in Table 7.  Of the 60 participants, 77% had 
two or more co-morbidities.  Rates of CVD and hypercholesterolemia were higher in men.  































Classification of depressive symptoms
Meeting physical activity guidelines Not meeting physical activity guidelines
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Table 3. 6: SF-36 quality of life indices of 60 study participants 
SF-36 Subset  Males (% mean) Females (% mean) Total participants, 
(% mean) 
Physical functioning 64 52 59 
Role limitations 
(physical) 
53 45 50 
Role limitations 
(emotional) 
65 53 61 
Energy/fatigue 40 31 36 
Emotional wellbeing 70 64 67 
Social functioning 62 68 65 
Pain 65 56 62 
General Health 48 49 49 
 
 
   Table 3. 7: Co-morbidities of 60 study participants 







Hypertension 22 (62.9) 15 (60) 37 (61.7) 
CVD 10 (28.6) 5 (20) 15 (25) 
T2DM 3 (8.6) 6 (24) 9 (15) 
Stroke  2 (5.7) 1 (4) 3 (5) 
Hypercholesterolemia 13 (37.1) 7 (28) 20 (33.3) 
Asthma 6 (17.1) 5 (20) 11 (18.3) 
COPD 2 (5.7) 3 (12) 5 (8.3) 
OA 9 (25.7) 8 (32) 17 (28.3) 
Depression  20 (57.1) 14 (56) 34 (56.7) 
CVD = cardiovascular disease, COPD = chronic obstructive pulmonary disease, OA = osteoarthritis, T2DM =    





















Hypertension 1 (25) 3 (33) 10 (56) 12 (67) 8 (100) 3(100) 
 




3 (75) 7 (78) 14 (78) 12 (67) 7 (88) 3 (100) 
CVD= cardiovascular disease, BMI = body mass index 
 
The prevalence of hypertension increased with age (Table 3.8).  Those aged over 55 showed 
a higher prevalence of CVD.  Rates of obesity were more than double that of the general New 
Zealand population (30.7%) across all age groups.   
 
3.3.6 Incidence of key symptoms of OSAS  
Participants reported having a range of the key symptoms associated with OSAS (Figure 3.6).   
 
3.3.7 Lifestyle factors 
Lifestyle factors are known to impact OSA.  Table 3.9 shows the profile of study participants 




Figure 3. 6: Frequency of symptoms that are commonly associated with OSAS 
 
 
 Table 3. 9: Factors linked to lifestyle that were self-reported by study participants (n=60) 
Leisure time spent engaged in screen-time 
(hours per day) 
Number (n) 
≤4 hrs 50 
>4 hrs 10 

























The overall aim of this study was to establish a profile of adults in the Otago region who had 
previously been identified as being at risk of OSA.  Specific objectives were to determine 
physical activity levels and undertake comparisons of these with current WHO guidelines for 
physical activity; and to establish levels of inactivity in our cohort, including time engaged in 
sedentary behaviour, the impact of physical and emotional health, and barriers to activity.  In 
this section key findings will be discussed in the context of the wider population with OSA 
and the normal adult population.  The strengths and limitations of the study will be discussed 
and clinical implications of the findings outlined. 
 
3.4.1 OSA and physical activity  
 
➢ Physical activity levels and WHO guidelines  
Based on self-reports, 22 of 60 study participants did not meet the WHO or New Zealand 
Ministry of Health Guidelines for recommended weekly physical activity levels.  Of the 
participants who met the guidelines six indicated they achieved them through occupational 
activity, seven through recreational means, one solely a result of active travel and the 
majority (n=23) through a combination of these (Table 4).  The most common activity 
undertaken was walking/dog walking (n=25), followed by housework (n=8) and gardening 
(n=7).  Amongst the female participants 10/25 (44%) did not meet the recommended 
guidelines, compared with the proportion of males 10/35 (29%). This observed trend of 
physical inactivity being more prevalent in females than males mirrors that of the wider New 
Zealand population73; males (55%) are more likely than females (48%) to be physically 
active for at least 30 minutes on 5 or more days per week.37    
 
➢ Physical activity levels, cardiovascular disease and metabolic disease risk factors 
 
(i) Hypertension 
Approximately half of the 60 participants who met the physical activity guidelines (n=38) 
and 18 of the 22 who did not meet the guidelines either had a systolic blood pressure 
>140mmHg recorded during the consultation or were on anti-hypertensive medication (n=18) 
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(Table 3.3).  In addition, none of our study participants with uncontrolled hypertension (n=4) 
met the physical activity guidelines.   
The findings suggest that the majority of the participants had a high level of cardiovascular 
risk, which is a matter of concern. The findings are supported by the literature as those with 
untreated OSA, and a 5% or greater ten-year risk of fatal cardiovascular disease, have been 
found to have higher rates of hypertension.24  Peppard et al. found that adults with untreated 
OSA are two or three times more likely to develop hypertension than the general 
population.44  Their findings were confirmed in a recent study investigating comorbidities in 
100 patients with known untreated OSA, where the prevalence of hypertension was 39%.193   
The link between hypertension and physical activity was also clear. In our data those with 
untreated hypertension (n=6), had a moderate negative correlation between resting daytime 
blood pressure and moderate intensity physical activity levels (r= -0.7, p <0.05), which was 
statistically significant.  Physical activity is known to modulate blood pressure in both the 
adult population who are normotensive and those who are hypertensive,45 with a meta-
analysis on the effects of physical activity on hypertension in the general population 
concluded that most forms of exercise training had a beneficial effect.46   
In those with OSA specifically, although a number of trials have reported benefits of physical 
activity in OSA,121,153 few have reported on blood pressure changes following exercise 
intervention.  Although one study that investigated blood pressure changes over time, 
determined an association between reduced diastolic blood pressure with increased levels of 
physical activity in those with moderate-to-severe untreated OSA,121 the effect of long-term 
physical activity in this population remain largely unknown.  As physiotherapists, there is a 
need to consider the type of physical activity intervention most likely to elicit positive 
changes in blood pressure, and minimise adverse effects, in those at-risk of OSA.  There 
exists an opportunity to study the longer-term effects of physical activity intervention on 
hypertension in this population.   
 
(ii) Cardiovascular disease (CVD) 
As outlined in Table 3.3, mean rates of CVD were similar in the participants who met the 
physical activity guidelines (9/37) and those who did not (6/22).  High level evidence for 
cardiac rehabilitation following cardiac events,194 and availability of rehabilitation services in 
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the region, may go some way to explaining the higher physical activity levels in the group 
with known cardiovascular disease.   
Although the rates of CVD appeared similar between groups irrespective of physical activity 
levels, for participants in the study the rate was 25% (n=15).  This rate is much greater than 
for the general New Zealand population (4.6%).73  One clinical study estimated ischaemic 
heart disease to be present in 23.8% of untreated patients with OSA,195 which is similar to our 
findings.  Ischaemic heart disease is the leading cause of death for Māori males and both non-
Māori males and females in New Zealand.196  OSA is an independent risk factor for the 
development of ischaemic heart disease,29 as is obesity, which is also more prevalent in 
Māori.73 
Regular physical activity is associated with a myriad of health benefits including reduced risk 
of CVD and T2DM.197  People who are less physically active are at increased risk of acute 
cardiac events when exercising, since regular exercise is known to confer cardioprotective 
effects.198  The current American College of Sports Medicine (ACSM) pre-participation 
screening guidelines advocate clearance by a relevant health professional for those not 
currently active and with known cardiovascular or metabolic disease even when 
asymptomatic.199  The guidelines also recommend clearance for those with known 
cardiovascular or metabolic disease who are currently active, before progressing to vigorous 
intensity exercise.199  Given that nocturnal hypoxaemia is both a strong predictor of sudden 
cardiac death and a characteristic of untreated OSA, this underlines the need for 
physiotherapists to provide education, prescribe appropriate exercise for the individual, and 
provide supervised physical activity in this population. 
The mean BMI for those with known CVD in the group not meeting physical activity 
guidelines was higher at 40.8kg/m2 compared with 34.9kg/m2 in the group meeting the 
guidelines (Table 3.3).  Within the group meeting physical activity guidelines (n=37), 29 had 
no known CVD but exhibited a high degree of sedentary behaviour (mean=5.6hrs/daily) and 
had a mean BMI of 42kg/m2.  Since obesity is also an independent risk factor for the 
development of ischaemic heart disease, the identification of this group who are both 
physically active and predominantly severely or morbidly obese (BMI ≥35 kg/m2) further 






The prevalence of obesity across our total study cohort was high, with 46 classified as obese 
including 19 who were morbidly obese (BMI ≥ 40 kg/m2).  Almost all the group not meeting 
physical activity recommendations were classified as obese (21/22) compared with 25/38 of 
those meeting physical activity guidelines (Figure 3.2).  There is an established association 
between OSA and BMI, as evidenced by rates of obesity in our study being more than twice 
that of the general NZ population and with the finding that 70% of those with OSA are 
overweight or obese.31    
A weak negative correlation existed in our data between the level of obesity and physical 
activity levels (r=-0.39, p<0.05).  A study by DeLany et al. concluded that people classified 
as obese expended more effort on lower intensity physical activity due to their higher body 
weight.57  However this level of energy expenditure masked the fact that those individuals 
with obesity also spent more time being sedentary, less time engaged in moderate to vigorous 
physical activity and accumulated a lower mean number of daily steps. This finding is 
interesting in the context of some of our cohort who reported meeting WHO weekly physical 
activity recommendations.  A further consideration is that some participants who were obese 
may have perceived certain activities as being moderate or vigorous in nature due to the 
energy expended, but actually may have spent less time engaged in moderate or vigorous 
activity than was self-reported.   It is widely acknowledged that self-reporting of data, 
relating to physical activity, results in an overestimate of physical activity levels, particularly 
in the obese population.200  A recent study, investigating level of agreement between self-
reported and objectively measured activity levels in the obese population with OSA 
concluded that self-reporting overestimated MVPA levels and underestimated sedentary time 
when compared to accelerometer data.201  This has implications for the role of 
physiotherapists in educating this population about activity intensity and ensuring that any 
monitoring equipment is valid and reliable, to support them in meeting recommended weekly 
activity guidelines and, in doing so, promote better health outcomes.  
 
(iv) Type 2 Diabetes Mellitus (T2DM) 
Along with abdominal obesity, insulin resistance, a pre-cursor to diabetes, is a component of 
metabolic syndrome.202  Our study findings demonstrated that the prevalence of T2DM 
differed between those who met physical activity guidelines and those who did not.  Two 
participants who met the physical activity guidelines had T2DM compared with eight of the 
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23 participants who did not meet the guidelines (Table 3.3).  An association between low 
physical activity levels and T2DM has been clearly demonstrated.63  In contrast, the positive 
relationship between improvement in T2DM and health benefits of exercise has also been 
shown in this population who met the recommended physical activity guidelines.203  
Furthermore it is estimated that at least one in three patients with diagnosed T2DM have 
symptomatic OSA.30  Given the evidence in support of physical activity for those with OSA 
and also for those with diabetes, there is arguably an even greater need for physiotherapists to 
encourage and support engagement in physical activity where OSA and diabetes co-exist. 
A third of total study participants (n=20) were being treated for hypercholesterolemia, 
another component of metabolic syndrome, which is three times the rate of the general New 
Zealand population.73  The incidence was similar in participants who met the physical activity 
guidelines (n=12) and those who did not (n=8) (Table 3.3).  There is currently no routine 
testing of cholesterol levels undertaken for those at risk of OSA, even though OSA appears to 
confer an increased metabolic risk,204 with studies linking OSA to high density lipoprotein 
(HDL) dysfunction.205  Given this increased risk, plus low physical activity being a risk factor 
for metabolic syndrome,206 improving physical activity levels in those at-risk of OSA should 
be a priority as a preventative measure for improving health and potentially lessening the 
future burden on health services.  
 
➢ Physical activity and other co-morbidities 
Arthritis 
Twenty-seven of our cohort reported some form of arthritis (osteoarthritis (OA), rheumatoid 
arthritis, gout, psoriatic arthritis, lupus, fibromyalgia).  Eight female and nine male 
participants had OA of weight-bearing joints; most commonly OA affecting one or both 
knees.  Of those participants who reported having OA (n=18), 15 were obese by BMI 
classification and, of those, 8 were morbidly obese (≥40kg/m2).  As can be seen from Table 
3.3, of the 27 study participants reporting some form of arthritis, 12 did not meet the physical 
activity guidelines and seven of these reported OA of one or both knees.  The association 
between OSA and obesity,31 and between obesity and OA of the knee,70 may be reflected by 
the higher incidence of arthritis in the less physically active, more obese group, since pain 
and fear of movement may be limiting factors.76  Despite over half of those not meeting 
physical activity guidelines reporting OA of the knee, a recent Cochrane review concluded 
improvements in both pain and function resulted from physical activity intervention in those 
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with OA knees.207  The prevalence of other conditions associated with obesity needs to be 
considered when planning physical activity interventions for those at-risk of OSA, since 
obesity and OSA are strongly associated.31  Pain, as a potential barrier to activity, has 
implications for a greater focus on low impact exercise if meeting WHO recommended 
guidelines are to be achieved.  Where pain is present, fear of movement needs to be addressed 
to facilitate behaviour change. 
 
Chronic Obstructive Pulmonary Disease (COPD) 
Of our study participants 8% (n=5) had been diagnosed with COPD, compared with an 
estimated prevalence in the general population of 10%208; only one participant did not meet 
the physical activity guidelines.  Mean general health scores, a construct of SF-36 were lower 
in this subgroup at 27% compared with the mean for the whole cohort, 48%, and mean scores 
for the energy/fatigue construct were lower at 31% compared with 36% for our total sample.  
Low levels of energy and a negative general impact on health are commonly associated with 
both COPD and OSA. 
The incidence of overlap syndrome, the co-existence of OSA and COPD, is disputed in the 
literature.  One study concluded there was a 65% incidence of OSA in those with moderate to 
severe COPD.67  Other studies, in common with our results, found no greater incidence than 
in the general population.68  In those with COPD, dyspnoea is often a limitation to physical 
activity and function, along with fatigue.  However, the Global Initiative for Chronic 
Obstructive Lung Disease guidelines highlight the potential benefit from physical activity for 
all those affected by COPD and advocate repeated encouragement to be active.209   
Where these two conditions do co-exist, there is an associated increased risk of morbidity.66  
Physical activity has been demonstrated to improve function and quality of life in those with 
OSA153,210 and, together with the strong evidence for pulmonary rehabilitation 210 and 
physiotherapists’ expertise in managing this population, there is scope to develop a 
functional-based physical activity programme for those with overlap syndrome. 
 
➢ Active travel 
Fifty-three (93%) participants used a vehicle as their main form of transport.  Of those 22 not 
meeting the physical activity guidelines, only two engaged in active travel; walked or used a 
bicycle for at least 10 minutes continuously to get to and from places in a typical week.  This 
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compared with 10 (27%) of those who did meet the physical activity guidelines.  Rates of 
active travel were low across both groups but considerably lower in the non-active group.  
There is evidence that switching from vehicle travel to active travel is associated with a 
significant reduction in BMI, through meeting WHO recommended guidelines for physical 
activity.211  Given the prevalence of obesity in those at risk of OSA, and the potential barriers 
to activity, increasing active travel is one possible approach to improving health outcomes.  
Consideration must be given environmental factors, such availability of green space, that can 
impact individuals’ participation in active travel212 as well as climate and accessibility.   
 
➢ Sedentary behaviour 
Nineteen of our total cohort reported seven or more hours of sedentary time on a typical day 
(Table 3.4).  Of those who met physical activity guidelines, 9 (24%) engaged in sedentary 
behaviour for seven or more hours daily compared with 10 (43%) of those not meeting the 
guidelines.  This trend was also observed in a study based on data from the 2013 National 
Sleep Foundation’s Sleep in America poll of 843 participants.213  Individuals who were 
physically active reported lower rates of time spent sitting, and television viewing, compared 
to those who reported being physically inactive. Other studies have observed that individuals 
who were obese spent more time engaged in sedentary behaviours.57 
A quarter of our total cohort (n=15) spent at least four hours daily engaged in screen time 
(Table 3.9), which is a component of sedentary behaviour.  Screen time and television 
viewing, in particular, is an established risk factor for the development of OSA.213  Television 
viewing which exceeds four hours a day increases risk of all-cause mortality by 1.52 
compared with less than two hours of daily viewing.149  The number of individuals engaged 
in daily screen time exceeding four hours was similar in those meeting physical activity 
guidelines and those who were not; 24% and 26% of each group respectively.  Average daily 
screen time was lower in the group meeting physical activity guidelines; 2.6 hours daily 
compared with 3.4 hours daily in those not meeting the guidelines.  In our study, we did not 
differentiate between screen-time and television viewing.  There is currently no available 
literature on the impact of screen time in the at-risk population with OSA, so whether it 
carries the same risks as television viewing is unknown.  Furthermore, there is some evidence 
that even being physically active does not ameliorate the risks of sedentary behaviour.  One 
study has demonstrated that associations between sedentary behaviour and cardio-metabolic 
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risk were not modified by reaching sufficient levels of moderate-to-vigorous physical activity 
in older adults.136       
There currently exist no recommendations for maximum daily sedentary time but, as 
previously outlined, there exists a growing body of literature regarding the negative impact 
on health,118 including increased risk of all-cause mortality.214  Given the moderate to high 
degree of sedentary behaviour evident in our cohort, and the associated health risks, 
interventions aimed at breaking up sedentary time need to be considered. 
 
➢ Physical activity and ESS scores  
 
Thirty-five study participants reported excessive daytime sleepiness sometimes, often, or 
always, with the same number reporting having a daytime nap regularly.  Forty four of 60 
total participants had an ESS score greater than ten.  The prevalence of daytime sleepiness 
was higher in the group meeting the WHO physical activity guidelines than in the group who 
were not.  A study by Chasens et al.,107 investigating the association between OSA, daytime 
sleepiness and physical activity, concluded that higher levels of daytime sleepiness, while 
associated with perceived difficulty in physical activity, did not correlate to objectively 
measured physical activity levels.  This corresponds to our findings, although our study relied 
on self-reported physical activity levels, so is not directly comparable. 
 
➢ Section summary 
Those at risk of OSA demonstrate a higher rate of health risk factors than in the general 
population (Figure 3.3).  In our study, the rate of treated hypertension was three times as high 
and obesity rates in our participants were double that of the New Zealand population, 
mirroring the statistic that 70% of those with OSA are overweight or obese.163  In addition, 
there were high rates of T2DM, hypercholesterolemia and OA.  Physical inactivity represents 
an additional risk factor to those at high risk of OSA, as our results highlight, with those in 
our sample who were not meeting the WHO guidelines for weekly physical activity levels, 
having even higher rates of hypertension, T2DM and obesity.  This highlights the importance 




3.4.2 Barriers to activity 
 
➢ Low motivation 
Low motivation was commonly reported as a barrier to activity in our cohort.  Table 3.5 
shows participants’ responses regarding motivations and barriers to activity scored on a 
Likert scale.  Of those participants who did not meet recommended weekly guidelines for 
physical activity (n=22), 19 agreed or strongly agreed with the statement “I find it hard to 
motivate myself to undertake physical activity.”  Amongst those meeting the physical activity 
guidelines (n-38), 27 agreed or strongly agreed with the statement.  Low motivation may be 
partly attributable to poor self-rated health (as evidenced by SF-36 responses) and low 
perceived physical capability.215  Despite low levels of motivation across study participants, 
there was recognition of the benefits of physical activity.  Of those meeting the physical 
activity guidelines, 33 reported wanting to be more physically active, as did 20 of those not 
meeting the guidelines (Table 3.5).  Additionally, those meeting the physical activity 
guidelines reported that engaging in physical activity made them feel good (n=30), gave them 
more energy (n=25) and more confidence (n=29).  There were similar findings for the group 
not meeting the physical activity guidelines. 
This awareness of the benefits of physical activity is encouraging.  The challenge is to 
establish and address each individual’s reasons for not being active in order to elicit 
behaviour change.  For physiotherapists, this should assist us to motivate patients to engage 
in physical activity through an individualised approach. 
 
➢ Pain levels 
Seventeen (45%) of those meeting the physical activity guidelines reported pain as a barrier 
to activity compared with 16 (73%) in the group not meeting physical activity guidelines, 
which suggests pain may impact the amount of physical activity undertaken.  Although a 
higher proportion of those not meeting the guidelines cited pain as a barrier, our results 
suggest that pain is a limiting factor across the total cohort. Given the high rates of obesity in 
our study (n=46),the link between obesity and arthritis70 and the association between obesity 
and chronic pain216, this was not surprising.  Management of pain is critical to increasing 
uptake of physical activity in this population, and consideration of activities which reduce 





➢ Fear of overdoing it 
Twenty-four participants agreed with the statement: “I worry about doing too much when I 
am physically active.”  The prevalence of known cardiovascular disease – eight had had a 
previous myocardial infarction and subsequent stents or coronary artery bypass graft – may 
partly explain why a fear of adverse health events may exist.  In those meeting the physical 
activity guidelines 13(34%) were concerned about overdoing it compared with 11(50%) in 
those who did not meet the guidelines.  Poor self-rated health and a perception of low 
physical ability are associated with lower physical activity levels in older adults.215  Fear of 
injury may also be a concern amongst our cohort, particularly amongst those with little or no 
experience of physical activity.  Kinesiophobia, this fear of movement, needs to be 
appropriately addressed, using behavioural change techniques, when engaging with this 
population to promote increases in activity.   
Despite previous cardiovascular events or other co-morbidities being potential barriers to 
activity, there is strong evidence that physical activity benefits those with chronic 
conditions.210,194  This has implications for combining behavioural change techniques with 
the type of physical activity that will be most acceptable to this population, and the need for 
monitoring and supervision by a health professional, to ensure optimal levels of safety and 




Twenty-four of total participants cited cost as a barrier to activity.  In those meeting physical 
activity guidelines, 14 reported cost as a barrier to being active, and ten of those not meeting 
the guidelines.  Although access to some exercise facilities, such as membership of a gym, 
may be prohibitively expensive, physical activity does not need to incur a financial cost.  
Activities such as walking require minimal resources.  The perception of almost half of our 
cohort that physical activity equates to expense emphasises the need for better education and 
support regarding physical activity; something physiotherapists are well placed to provide. 
 
➢ Lack of time 
 
Eighteen of our total cohort reported lack of time as a barrier to being physically active, and 
of those 14 were in employment.  Of those who were not meeting the physical activity 
guidelines (n=22), nine cited this as a restriction to physical activity.  Even some of those 
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who met the guidelines perceived lack of time as a barrier (n=10).  This is not surprising 
since 33 of this group also reported wanting to undertake more physical activity than they 
were currently doing.  Lack of time as a barrier is commonly cited in other studies217 and has 
implications for interventions that can be incorporated into the daily routine in an effort to 
improve adherence. 
 
➢ Perception of physical activity 
In our cohort, seven of those meeting physical activity guidelines and nine of those who were 
not considered physical activity boring.  In addition, as previously stated, 24 participants 
across both groups reported cost of physical activity as a barrier.  There is a need to address 
these perceptions of physical activity in this group.  How we promote physical activity will 
strongly influence the success of an intervention; it does not need to be costly or 
uninteresting. 
 
➢ Support and social connectivity 
 
One of the key benefits of group physical activity is the support and social connectivity it 
provides to attendees.  Studies of those with other NCDs, such as T2DM, have demonstrated 
social support, through the development of relationships with other class participants and the 
health professionals involved, to be a key influence on attendance.218  The size and rural 
nature of the Otago region precludes the provision of group physical activity to all those who 
are at risk of OSA.  The use of telemonitoring or text messaging as a communication medium 
and motivational tool is a possible approach for supporting these individuals.  
 
➢ Section summary 
There exists a variety of barriers to activity in our cohort.  Amongst those who did not meet 
physical activity guidelines, barriers were more evident.  However, even amongst those 
meeting physical activity guidelines barriers were identified.  It is vital to acknowledge and 
address these barriers to facilitate greater engagement in physical activity by those at risk of 
OSA.  For any intervention aimed at increasing physical activity and improving health 
outcomes to be successful, several things need to be addressed.  Low motivation may require 
behavioural change strategies to improve self-efficacy and engagement.  The fact that 53 of 
our cohort reported wanting to be more physically active, suggests there is potential for 
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change.  Consideration must be given to low-impact activities in this population, such as 
water-based therapy or Nordic-skiing machines, to minimise pain and address fear of 
movement.  Both cost and time implications require scrutiny.  The complexity of managing 
both the physical and psychological barriers makes a strong case for the role of the 
physiotherapist in overseeing this physical activity intervention in the first instance.  
 
3.4.3 Emotional wellbeing 
 
➢ Physical activity and depressive symptoms 
Using the Beck Depression Inventory, 21 reported depressive symptoms and, of those, eight 
were on prescribed anti-depressants.  Of all those taking anti-depressants (n=17), nine 
appeared to have well-controlled depression, recording a Beck Depression Index score of 
≤13.  Rates of diagnosed depression in our cohort were higher than in the wider New Zealand 
population; 28% compared with 17%.  A study by Chen et al.82 concluded that rates of 
depression in those with OSA were twofold that of non-OSA matched controls.   
In the group not meeting weekly physical activity guidelines, there was a lower rate of 
depressive symptoms than in the group meeting the guidelines (Figure 3.5).  This is contrary 
to findings in the literature that exercise intervention in those with untreated moderate-to-
severe OSA reduces depressive symptoms153 and that there is a negative correlation between 
physical activity and depression findings.158,106  This may be partially explained by the fact 
that, in our study, individuals had not been diagnosed with OSA, so some may not have had 
the condition.   
Of those who were diagnosed with moderate-to-severe OSA following an overnight sleep 
study (n=14), the mean Beck Depression Inventory score in those meeting the weekly 
physical activity guidelines was 15 compared with 19 in the group not meeting the 
guidelines.  Although both values indicate mild depressive symptoms, 19 is the cut-off with 
any score above this indicating moderate symptoms.  Of those with moderate-to-severe OSA 
(n=14), five (35%) had moderate or severe depressive symptoms by Beck Depression 
Inventory score, which is a higher rate than across the total cohort (28%).  The literature 




➢ Physical activity and quality of life 
Table 3.6 illustrates the impairment in quality of life across all eight constructs of the SF-36; 
the lowest mean values being 36% in the energy/fatigue domain.   
Comparison of those meeting the physical activity guidelines with those who were not 
showed variation in some of the SF-36 constructs.  A positive correlation existed between the 
physical functioning domain of the SF-36 and levels of physical activity (r=0.294, p<0.05), 
suggesting that those with lower levels of physical activity connected this to a reduced quality 
of life.  A similar trend was observed in a study published in 2013 looking at physical activity 
and quality of life in moderate to severe OSA,108 where Verwimp et al. showed that the 
mobility domain of the Nottingham Health Profile was positively correlated to physical 
activity levels.   
In terms of general health, 12 (32%) in the group meeting physical activity guidelines scored 
≤50% compared with almost twice that rate in the group not meeting the guidelines, 14 
(61%); those who did not meet weekly recommended guidelines reporting a less favourable 
general health profile.   
Both the group meeting physical activity guidelines and those who did not indicated pain had 
a marked effect on their quality of life.  Fourteen (38%) reported scores ≤50% in the group 
meeting physical activity guidelines compared with eight (35%) in the group who didn’t.  
The construct of energy/fatigue also produced similar results between these two groups, 
suggesting that, regardless of physical activity levels, lack of energy, fatigue and pain had a 
big impact on quality of life in those at risk of OSA.   Lack of energy has been self-reported 
as the single most significant symptom by those with untreated OSAS.219 
 
➢ Gender and quality of life 
On the SF-36 role limitations (emotional health) scale, the mean score for males was 65% 
compared with the mean score for females of 53%, suggesting that females are more 
impacted emotionally by their condition.  Other studies have shown lower quality of life 
scores in women with untreated OSA.220  In addition, for role limitations (physical health), 
females within our cohort appeared to be more affected, with a mean of 45% compared with 
the male mean score of 53%.   On all SF-36 scales, except general health and social 
68 
 
functioning, females score lower than males.  Both males and females score lowest in the 
energy/fatigue category (40% and 31% respectively).  
 
➢ Section summary 
In our findings, rates of diagnosed depression were higher than in the general population and 
the mean Beck Depression Index score was higher in those with diagnosed moderate-to-
severe OSA.  There was a significant positive correlation between sedentary time and 
depressive symptoms across the entire cohort.  Those meeting the physical activity guidelines 
also reported higher SF-36 general health and physical functioning scores, although general 
quality of life scores were low across the whole cohort.  The indications are that provision of 
physical activity intervention, to ensure the meeting of WHO guidelines, plus a targeted 
reduction in sedentary time, could provide both physical and psychological health benefits in 
this population.   
 
3.4.4 Characteristics of study participants 
 
➢ Age and Gender 
Baseline characteristics of study participants (n=60) can be seen in Table 3.2.  Adults most 
commonly affected by OSA are obese males, aged over 407 and it is accepted that in the 
wider population with OSA that twice as many males as females are affected,5 irrespective of 
ethnicity. Females were over-represented in our cohort, a factor that may be partially 
explained by the convenience sampling method employed; our participants were sampled 
from medical and GP referrals to the Sleep Clinic.  Current New Zealand data show that 
women were more likely to have visited their GP in the previous 12 months (84% of women 
compared with 76% of men).73 
   
➢ Ethnicity 
There was an under representation of participants who identified as Māori in our study: 6.7% 
compared with 7.5% in the Otago region, which may be in part due to higher levels of unmet 
need for primary health care amongst adults of Māori ethnicity.  Māori are less likely to 
access their GP or primary care provider.73  A New Zealand study concluded Māori are over 
four times more likely than Europeans and Asians to have higher levels of apnoea severity.11  
Although ethnicity was not an independent risk factor after controlling for BMI and neck 
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circumference,11,221 obesity rates are higher in those identifying as Māori73 and, given the 
strong association between obesity and OSA, this would explain the higher degree of apnoea 
severity. 
 
➢ Nocturia  
Nocturia is when a person wakes one or more time a night to pass urine222 and represents a 
common, lesser known symptom associated with OSAS.  It was reported by 33 of our cohort 
sample (Figure 3.6).  Of those who had undergone a sleep study and were diagnosed with 
moderate-to-severe OSA (n=14), five reported experiencing nocturia.  All five had an AHI 
>39 (mean AHI = 50.2), indicating severe OSA.  This association between presence of 
nocturia and higher AHI scores has been established in the literature.223,222   
Given the prevalence of nocturia in those with OSA and its association with AHI scores, it 
represents a key symptom in identifying those with at risk of OSA.  As physiotherapists, 
when asking questions related to sleep health, in terms of snoring and excessive daytime 
sleepiness, we should also be soliciting information regarding sleep-time toilet habits of our 
patients.   
 
3.4.5 Overnight sleep study results  
 
Within a six-month period subsequent to their participation in the study, n=30 of the 
participants had completed a home based overnight sleep study for potential diagnosis of 
OSA.  A review of this data provided us with further insights into this at-risk group.   
Mean AHI score was 23.4 per hour of sleep (range 0.1 to 61.5).  As outlined in Appendix 15, 
three had an AHI score of 5-15 (mild OSA), five had an AHI score 15-30 (moderate OSA), 
and nine had an AHI score >30 (severe OSA).  Of the remainder, eight had an AHI score <5, 
indicating no evidence of OSA and a further five had positional OSA, which was ameliorated 
by lying in a non-supine position; over half of those who underwent an overnight sleep study 
(n=16) had either positional, mild or no OSA.  There is currently no follow up for this group 






➢ Moderate-to-severe OSA and physical activity levels 
Of those with an AHI score ≥15/h of sleep (n=14), indicating moderate-to-severe OSA, eight 
(57%) did not meet weekly physical activity guidelines [Appendix 15].  This compares with 
22 (37%) of our total cohort.  Furthermore four (29%) did no physical activity in a typical 
week compared with 11 (18%) of the total cohort.  Nine (64%) were sedentary for greater 
than 6 hours a day; this compares with 29 (48%) of our total cohort.  The average sedentary 
time for those diagnosed with moderate-to-severe OSA was 8.4 hours daily, which compares 
with mean sedentary time for the whole cohort of 6.1 hours daily. 
Mean BMI in those with moderate-to-severe OSA was 38.9kg/m2 compared with 36.6kg/m2 
for the total cohort.  Other studies have identified an association between increased severity 
of OSA and higher BMI.54,55,105   
Study participants subsequently diagnosed with moderate-to-severe OSA undertook less 
physical activity and spent more time being sedentary than the cohort as a whole and had a 
higher mean BMI.  Although CPAP, the treatment of choice for this group, is very effective 
at reducing apnoeic events and ameliorating daytime sleepiness,89 it does little, if anything, to 
improve physical activity levels19 or address lifestyle factors in this population.  These 
findings suggest this group have even greater health risk factors, in terms of lifestyle choices, 
compared with the whole cohort.  Physiotherapy-led physical activity, as an adjunct to CPAP 
in the management of this population, is needed to address these factors.   
Weekly physical activity guidelines were met by all those with positional OSA (n=5) and 
most of the participants who recorded an AHI <5/h (n=7).  These findings have potential 
implications for incorporating the use of a physical activity questionnaire as part of the 
screening protocol for the Sleep Service.  Obtaining physical activity information would give 
specific data on important lifestyle factors, allowing for better assessment of health risk and 
targeted intervention of those not meeting recommended physical activity levels.   
 
3.4.6 Strengths of study  
The nature of our study, which involved a single interview with each participant ensured we 
obtained a full set of data for analysis.  This was a descriptive study providing a 
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comprehensive data set of characteristics of the cohort with good methodological quality.    
Protocols were standardised to ensure data gathering was consistent for each participant.   
Standardised measures, in the form of questionnaires, were used which were reliable and had 
been validated.  Standardised measuring techniques were used for all anthropometric 
measures.  Information on physical activity behaviour was obtained by repeated measures 
through a variety of standardised questionnaires and semi-structured questions, to verify the 
accuracy of information provided. Data obtained was broad; information was gathered on 
physical, social, emotional and medical factors for each individual.  This study provides 
previously unknown detail regarding physical activity levels and barriers to activity in those 
at risk of OSA. 
 
3.4.7 Limitations of the study 
 
➢ Selection bias 
Variability in GPs awareness of OSA symptoms may influence patient referral to a Sleep 
Service.  In addition, some patients will be more willing to attend a sleep clinic than others.  
It is recognised that both men and those identifying as Māori are less likely to access primary 
care providers in the first instance.  These factors created selection bias in our population by 
not including all those with undiagnosed symptoms.  This may impact the ability to 
generalise our results to the wider high risk population with OSA.   
➢ Convenience sampling  
Since our participants were recruited thorough convenience sampling and were already in the 
health system, they may not be truly representative of our target population.  For example, 
Māori are under-represented compared with the general Māori population of the Otago 
region.   
➢ Self-reporting of data 
The self-reporting of data, relating to physical activity and sedentary behaviour, has 
questionable validity.  It is widely recognised that people tend to overestimate their physical 
activity levels in self-reported questionnaire format, particularly in the obese population.200  
Results of a systematic review demonstrated the correlation between self- reported physical 
activity and objective measures of physical activity are variable, being both higher and lower 
in different studies.200  A study published in 2014224 sought to examine the correlation 
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between objectively measured physical activity using pedometers and self-reported physical 
activity levels using the Global Physical Activity Questionnaire.  Of the participants, 65.3% 
had underestimated their physical activity levels using the Global Physical Activity 
Questionnaire when compared with pedometer data.  Objective assessment of daily activity 
with Actigraphy, or with pedometers may therefore provide more reliable data on the level of 
activity engaged in by patients with OSA. 
➢ Use of the Global Physical Activity Questionnaire 
 
One of the potential limitations of the study was the use of the Global Physical Activity 
Questionnaire.  Since the questionnaire is based on intensity of physical activity it is subject 
to individual interpretation, which may vary between participants.  For example, an 
individual who is lean and fit may interpret a ten-minute walk, or vacuuming the lounge, as 
much lower intensity activity than someone who is morbidly obese.  Therefore, some 
respondents may have overstated activity since it was perceived as more intense due to higher 
energy expenditure for that individual.  Some individuals may have included activities, such 
as housework, which they considered to be moderate in intensity, whereas others may not 
have reported them at all, not believing they constituted physical activity at all.  The use of a 
more objective measure, such as an accelerometer, would have provided greater accuracy. 
 
➢ Measures of cardiovascular risk 
We used BMI and waist circumference as indicators of cardiovascular disease risk, both of 
which are recognised indicators.169  Other studies suggest that waist-to-hip ratio is the best 
measure for determining all cause and cardiovascular mortality.225,226  However, the focus of 
our study was on risk of OSA and neck circumference is recognised as a strong predictor of 
risk of OSA.163 
➢ Assessment of barriers to activity 
To assess potential barriers to activity in our cohort, a non-standardised questionnaire, 
incorporating a 4-point Likert scale was used.  It may have been preferable to use a 
standardised measure, such as the Behavioural Regulation and Exercise Questionnaire, which 




➢ Small sample size 
Given the small study size (n=60), and the fact that not all the cohort had undergone an 
overnight sleep study, and therefore did not have a confirmed diagnosis of OSA, it is not 
possible to generalise our results to a population with OSA. 
 
3.4.8 Clinical implications 
 
Those at high risk of OSA in the Otago region are largely physically inactive with low 
motivation and pain the main perceived barriers to physical activity.  Despite the majority of 
participants reporting low motivation, these individuals appear to value physical activity and 
recognise the potential benefits.   
There are currently no physical activity related questions in the Sleep Clinic questionnaire 
and no current physical activity intervention exists for this group in the Dunedin area.   This 
is despite evidence of the benefits of physical activity in those with, or at risk of, OSA.153  
Early recognition and effective management of this condition has the potential to assist in 
reduction of cardiovascular risk factors, in terms of reduced diastolic blood pressure and peak 
oxygen uptake,121 reduced apnoea severity124  and improved patient quality of life, through 
reduced depression and fatigue.153 
 
3.4.9 Further research 
 
The data obtained from our study suggests that barriers to activity exist and are reflected in 
the low levels of physical activity undertaken.  A further qualitative study exploring these 
barriers in more detail would further assist in tailoring interventions to suit individual need. 
While our study obtained useful data regarding physical activity it relied on self-reporting, 
which is known to overestimate activity levels in this population.201  A further study using 
accelerometers would provide a more objective measure of physical activity, which would 
strengthen the case for physical activity intervention in this at-risk group. 
The optimal form of physical activity intervention in this group is undetermined.  Given the 
prevalence of osteoarthritis and associated pain, together with fear of overdoing it, a 
comparison of water-based activity with a land-based programme would allow better 
determination of the physical and psychological benefits of each alternative intervention. 
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The support of a health professional and the social connectivity provided by an exercise 
group have been recognised as key motivators in studies involving other NCDs.218  However, 
in some regions, including Otago, rural living precludes access to such groups.  A pilot study 
of individualised intervention, using text messaging or telemonitoring, could help determine 




This study has provided a comprehensive profile of a cohort at risk of OSA in the Otago 
region.  Although the global prevalence of OSA is estimated at 4% of men and 2% of 
women, there is likely a significant degree of under-diagnosis.  Given the strong association 
of OSA with obesity – 70% of those with OSA are overweight or obese – and the trend 
towards increasing obesity, it is likely that rates of OSA are rising too.  This has implications 
for health; OSA is known to be closely associated with hypertension and, in our cohort, there 
was overlap with CVD, T2DM and depression, which mirrors that of the wider population 
with OSA.  Within our cohort of adults at risk of OSA, physical activity levels were low with 
over a third of individuals not meeting WHO recommended weekly guidelines.  Additionally, 
most participants did not engage in any form of active travel and spend moderate to large 
amounts of time engaged in sedentary behaviour.  There is currently no provision in the 
Otago region for this patient group, beyond diagnostics and CPAP treatment where 
appropriate.  Regular physical activity may reduce both associated comorbidities and improve 
health-related quality of life.  There is a need to address potential barriers to activity that exist 
to provide effective physical activity intervention, to improve function, quality of life and 
lessen the financial health care burden. The implementation of a tailored approach to physical 
activity intervention, designed to meet needs of the individual, may assist in supporting this 





CHAPTER 4: TEXT MESSAGING AS A MOTIVATIONAL TOOL – A REVIEW 
OF THE LITERATURE 
 
4.1 Introduction  
Despite increasing recognition of the benefits of physical activity in the management of 
OSA,106 low levels of physical activity are common and barriers to activity exist.  Low 
motivation to be physically active is a commonly cited barrier in this population,227as 
demonstrated by the findings in Chapter 3. 
The global increase in obesity and the ageing population both contribute to an increase in 
prevalence of NCDs, and the public health burden.228  The strong association between being 
overweight and OSA will mean the number of people diagnosed with OSA will also 
increase.31  This increasing burden on health care provision, underscores the need for 
increasingly cost-effective methods of health care delivery.  Additionally, the geographic 
distribution of people in New Zealand means that some live long distances from a main 
population centre. Thus, there is a need for cost-effective innovations to facilitate patient self-
management.  It is time to view delivery of health care in a different way through the 
utilisation of available technology.  Mobile technology offers the potential to develop 
outreach services in numerous forms, for example, appointment reminders, reminders to take 
medications and support of self-management.229,230 
 
➢ Low physical activity levels in OSA 
Regular physical activity is known to offer a range of health benefits, including reducing the 
risk of conditions such as hypertension, CVD, T2DM and some cancers.231  There is a known 
association between OSA, hypertension and CVD,117 which can be modified through physical 
activity interventions.114  Therefore, meeting physical activity recommendations is vital in 
this population.  Low levels of physical activity are common in adults with, or at risk of, 
OSA.  The majority of adults at risk of OSA do not meet WHO guidelines for weekly 
physical activity.106  Some studies have shown improvements in symptoms of OSA with 
increased physical activity including reductions in apnoea severity.232  Yet, physical activity 
does not typically form part of the management plan for OSA.  In order to promote increased 
physical activity in those not meeting recommended physical activity guidelines, it is 






➢ Low motivation as a barrier 
Low motivation was cited as the main reason for study participants not undertaking physical 
activity in the study detailed in Chapter 3.  Studies in other populations have highlighted a 
number of barriers to activity, including time, cost and access to facilities and transport.217, 
233,234  Low motivation has also been identified as a barrier to activity in other at-risk 
populations, such as those with T2DM.233   
 
Motivation is a complex concept which can broadly be regarded as behaviours that reflect the 
pursuit of a particular outcome.235  Motives to engage in physical activity are influenced by a 
wide range of factors that can be personal, environmental or behavioural and the interaction 
between these factors, termed reciprocal determinism, will influence an individual’s 
response.236  How these factors impact outcomes will vary between individuals.  One element 
thought to impact motivation is observing others’ experiences (vicarious learning) and then 
reproducing the same behaviours.236 Another is the concept of mastery.  Previous successful 
accomplishments increase mastery expectations, which can develop an individual’s self-
efficacy.237  The perceived outcomes of the behaviour also come into play.  If the desired 
outcome is valued enough it will have greater influence as a motivational factor.238  The 
desirability of the outcome and it’s alignment with an individual’s values therefore has 
implications for goal setting.239 
 
An individual’s motivation may be intrinsic or extrinsic.  Intrinsic motivation is a self-desire 
to do something; to seek out challenges and extend oneself for the satisfaction it provides, 
even in the absence of obvious rewards.240  Extrinsic motivation, on the other hand, involves 
influences external to the individual and may employ the use of rewards to elicit the desired 
behaviour.240 
It has been postulated that increasing an individual’s self-efficacy – the individual’s level of 
belief that they can achieve something – can result in an increase in intrinsic motivation.241  
This is important in the context of behaviour change since, if no change in intrinsic 
motivation occurs, it is unlikely any change in behaviour will continue once the external 







➢ Telehealth as a method to support physical activity behaviour change  
Supporting a change in behaviour requires an increase in motivation and technology offers a 
myriad of effective and affordable options, which can potentially change the delivery of 
health care.  This change has been definitively highlighted with the arrival of COVID-19.242  
Additionally, when considering the global burden on health care of non-communicable 
diseases, there is a need for cost effective innovations to address contributing lifestyle factors.  
Mobile health is any means of medical or public health care which is supported by a digital 
device, such as a mobile phone or personal digital assistant.243  The array of available 
telehealth options includes, but is not limited to, interactive websites, online exercise 
programmes, email prompts, text message reminders, and mobile apps. Some technology-
based tools attempt to engage the user through incorporating behaviour change techniques.  
Such methods are termed persuasive technologies and are designed to change users’ attitudes 
and behaviours, thereby persuading them to make different decisions.244  
Studies in other populations have demonstrated short-term improvement in physical activity 
behaviour and other lifestyle factors through the use of mobile technologies.  Examples 
include web-based physiotherapy exercise programmes for adults with multiple sclerosis,245 
text messaging for patients with T2DM and heart disease,  and interactive mobile phone apps 
for patients following a stroke.246  These programmes show promise for rural communities in 
particular, where there may be limited access to a full range of health services.  Although 
other perceived benefits of this approach to supporting physical activity behaviour include 
patients being able to exercise in their own time and time efficiencies through reduced travel, 
the cost effectiveness for both user and provider has yet to be established.247 
 
➢ Rationale for use of text messaging specifically 
Text messaging is a potentially good tool to use since there are high rates of cell phone 
ownership248 even amongst disadvantaged populations and those who rent or frequently change 
address.249, 250  In 2019, there were 8.3 billion mobile phone subscriptions globally with mobile 
phone ownership achieving 100% saturation in some countries.251  In New Zealand there are 
currently over 3.8 million active smartphones and this number is increasing.252  Text messaging 
is simple to use, low cost, asynchronous and has widespread reach.253  Text messaging also 





physical activity.  Other potential benefits include support to rural populations where there is 
cell phone coverage, cost-effectiveness, and the potential to enhance self-management.254  In 
addition, text messaging can be easily customised to allow for personalisation of the message 
to the individual user249 and research has demonstrated that using behavioural change theory 
as a framework for constructing text messages can increase the likelihood of a successful 
change in behaviour.255  For these reasons, text messaging offers strong potential as a support 
tool to aid motivation.    
 
The aim of this literature review was to determine (a) the factors that need to be considered in 
the use of text messaging as a motivational tool and (b) the effectiveness of text messaging in 
increasing physical activity behaviour in other populations.  
 
4.2 Method 
A literature review was conducted using the PubMed and Cinahl databases. Studies were 
limited to those involving adults 18 years and over and published in English.  The search 
included randomised controlled trials, clinical trials, meta-analyses, reviews and systematic 
reviews. Books were excluded from the search.  
Eligibility criteria were studies focused on promotion of physical activity; studies employing 
the use of text messaging; and studies undertaken in populations with NCDs. Exclusion 
criteria were protocols, studies focused on behaviours other than physical activity and studies 
using other forms of telehealth, such as phone calls, apps or web-based interventions. 
Key search terms used were “text messag*”; “text messaging”; “mhealth”; “short message 
service”; “SMS”; “telehealth”; “mobile health” and the two MESH terms “cell phone” and 
“mobile phone”.  
The search period was from 2006 to 2020.  In total, 472 articles were identified in the initial 
search. Removal of duplicate studies resulted in 454 articles, which were screened by title to 
determine relevance: 127 articles were selected for reading of abstracts. Of those, 46 were 
selected for inclusion after abstracts were read.  Of the 46 articles selected for reading of full 
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4.3 Results  
4.3.1 Factors to consider with regard to text messaging as an intervention 
There is a body of literature focused on optimising text messaging. The use of text messaging 
as a motivator requires consideration of the various different components involved:  frequency, 
duration, direction of texting, timing, content and the use of a theoretical model underpinning 
the messages.  
 
➢ Frequency of texts 
Optimal frequency of text delivery is debated in the literature and there appears to be no clear 
consensus. Some studies argue that more than four messages a week constitutes nagging256 and 
others postulate than more than a single text a day is too much.257  The majority of studies have 
sent texts at a fixed rate over a period of time. In the systematic review by Fjeldsoe et al., all 
included studies focused on physical activity behaviour change sent texts messages at a rate of 
five per week.249  This was further highlighted in the systematic review by Bucholz et al. where 
in each of the included studies texts were sent at a fixed rate of between one to four texts a 
week.248  In further support of this, Reese et al. recommended texts be sent at a rate of three to 
five times a week.257 This recommendation appears to be strengthened by a study where 
participants received texts three times a week for 12 weeks with content focused on motivation 
and diet and exercise information and at 12 weeks the intervention group demonstrated an 
improvement in BMI compared with control.258 
Other studies have rejected the idea of a fixed rate of text message frequency and support the 
use of a more variable rate. Head et al. concluded that variable frequency of messaging to suit 
the individual was most effective in terms intervention outcomes.259  Capozza et al. took this 
idea one step further and established preferences regarding frequency with each participant in 
their baseline interview, highlighting the importance of individualization and flexibility.229 
This focus on establishing text messaging frequency to suit participants is further supported in 
the study by Horner et al., where participants’ recommendations included personalisation of 








➢ Duration of texts 
The typical intervention period for studies involving text messaging to support an increase in 
physical activity appears to be between three weeks258, 261 and 12 weeks.262  Few studies 
continued beyond 12 weeks and few studies followed up participants once text messages had 
ceased. In the systematic review by Buchholz, the majority of included studies were 15 weeks 
duration or less.248  There were no studies with a long-term follow-up period that exceeded 24 
weeks. In their RCT of 43 older adults, Muller at al re-assessed findings at 12 weeks and 24 
weeks.262  Text messages were sent to the intervention group five times a week for the first 12 
weeks only. Although the group receiving the text messages were doing significantly more 
exercise at week 12, at 24 weeks there were no significant between groups differences. There 
is a need for more studies with a longer follow-up duration to determine the effectiveness of 
text messaging interventions in sustaining changes in physical activity behaviour in the long 
term. 
 
➢ Uni or bi-directional 
There is some support for the suggestion that being able to respond to text messages does not 
influence the effectiveness of the outcome. A meta-analysis by Head et al. included 11 studies, 
which used uni-directional texts and eight studies, which used bi-directional texts.259 The 
authors’ concluded there was no statistically significant benefit of employing bi-directional 
texts compared with uni-directional. This finding was supported by outcomes from a systematic 
review of physical activity text messaging interventions undertaken by Bucholtz et al. who 
found that the majority of the ten included studies used uni-directional messaging.248  These 
findings concur with those of a meta-analysis of text messages to promote lifestyle changes in 
a population with T2DM.263  In terms of clinical outcomes, the findings suggested that uni-
directional text messaging (nine studies) produced little difference in effect size when 
compared with bi-directional texts (six studies). Furthermore, a small study (n=12) exploring 
the acceptability of text messages sent to overweight men 1-3 times daily over three weeks to 
support physical activity monitoring concluded that the mainly uni-directional texts were an 
acceptable means of receiving information.261  The majority of participants reported that the 
texts increased their accountability for using the activity monitor provided despite no text reply 






➢ Timing  
In general, real-time support through a medium such as text messaging is likely to be more 
effective than slower systems of delivery such as email.244  Timing of text messages is a key 
consideration.  It has been argued that if a message is received at a point in time when the 
individual is able to take action it will positively influence the desired behavioural outcome.259 
Just-in-time interventions are aimed at delivery at the point where the individual has the 
opportunity to engage in a healthy behaviour; for example, real time texts to support 
opportunities such as walking instead of taking the car.264 Just-in-time interventions could be 
effective in targeting and breaking up sedentary time and have been shown to be acceptable in 
a another population with T2DM.265  However, to date there is limited support in the literature 
for the effectiveness of just-in-time interventions in the promotion of physical activity. A 
systematic review of just-in-time interventions to support physical activity behaviour 
concluded that there was mixed evidence for the effects of such interventions on behaviour 
change.264    
Although there is currently limited evidence to support the effectiveness of just-in-time text 
messaging, variability in a text messaging schedule is considered important.  Predictable timing 
of texts is considered frustrating and unsatisfactory by the end user.260  Where text messages 
are sent on a fixed and predictable schedule, they are less effective259 and less acceptable to 
participants.266  Random delivery of timing is reported to enhance participant engagement.266 
 
➢ Content 
Content encompasses a range of different elements, all of which are designed to enhance the 
effectiveness of the message to the end user.  
 
Tailored v targeting 
Tailoring is the process of creating communications that are individualised to the user. 
Tailored text messages are increasingly used in the promotion of physical activity behaviour 
change.244  Where studies have not used tailored messaging, rates of participant attrition tend 
to be higher249 and it is well established in the literature that tailored health messages are 
superior to generic targeted messages at eliciting behavioural change.249, 262, 267  However, the 







Personalisation of text messages is considered one of the key ingredients to successful 
behavioural change outcomes.249, 259  This seems to be the case regardless of patient 
population or age group. Personalisation appears to be universally valued by end users.268  In 
a study looking at promotion of lifestyle interventions in young males living rurally, 
participants’ highlighted the importance of a high level of personalisation in terms of use of 
their names, referencing preferred sporting activities and linked to specific goals.256  This 
preference for personalised text message content has been highlighted in studies of older 
people and in populations with a variety of different health conditions. For example, in a 
study that included 296 participants with a wider age range (19-67 years) who were 
predominantly female (86%), personalised text messaging which included the recipient’s 
name was effective in increasing levels of work-related physical activity.269  Conversely, a 
lack of personalisation and repetition of content was considered undesirable by the end user 
of another group.260 
Although a strategy that employs a high degree of personalisation requires more sophisticated 
technology and resources, it may still be cost effective compared with alternative face-to-face 
interventions.256  A study by Gomersall et al. looked at using personalised and tailored 
messaging to support an increase in physical activity behaviour and a reduction in sedentary 
behaviour in people living with cancer or after having had cancer.267  N=36 participants were 
randomised to either a standard exercise rehabilitation programme or a text-message 
enhanced exercise rehabilitation programme.  The exercise programme ran for four weeks; 
text messages were sent for 12 weeks. Data collected at baseline included the participant’s 
name, identified sitting danger zones, strategies to break up sitting time and activity goals. 
This information enabled personalisation and tailoring of frequency, timing and content of 
text messages to suit the individual.  At 12 week follow-up, the group receiving text 
messages showed a mean reduction in overall sitting time by 40-50 minutes a day and a mean 
increase in daily vigorous activity of 20 minutes.267   The results of this study suggest that a 
higher degree of tailoring and personalisation lead to better physical activity outcomes.  The 
importance of obtaining key personal information at baseline regarding individual 
preferences to allow for flexibility and individualisation is supported by studies in other 
patient populations, including those with type 2 diabetes.229  This allows for the optimal 






Message framing  
Message framing involves specifically focusing the message sent on either a desirable outcome 
(gain framing) or an undesirable outcome (loss framing).270  Gain framing is widely considered 
to be more persuasive than loss framing in eliciting behaviour change. 244, 270  Although to date, 
the research has focused mainly on gain framing and loss framing, there is an argument for 
considering other types of message framing, in order to maximise the impact to the 
individual.271  For example, affective messaging, which outlines the emotional benefits of being 
active, such as enhancing mood, might be more persuasive for some users.  For others, 
highlighting the physical health benefits, such as getting fitter and stronger, might offer more 
of an incentive.271 
 
Education and Health Literacy 
There is a recognised demand for provision of educational information amongst end users.256  
Often, there is awareness by participants of having limited knowledge regarding their health 
condition/s as well as limited knowledge of lifestyle factors, such as healthy eating and 
exercise.256  Specifically focused health information was preferred by participants in a study 
to promote physical activity among young African American women.257  For others, 
information on being physically active was considered more acceptable if it included 
practical actionable exercise tips.257  This notion of providing useful information with clear 
practical examples was echoed by recipients in a study by Redfern et al.266  Similarly, a 
survey-based study design looking to improve physical activity outcomes in a population of 
low-income Latin American patients with T2DM, concluded that one of the key intervention 
preferences of respondents was the inclusion of physical activity behaviour change 
education.272 
In providing educational content, consideration needs to be given to an individual’s level of 
health literacy and literacy in general. Health literacy is the ability to read and understand 
health-related information and to locate and utilise health services in order to make informed 
and effective health decisions273 Poor health literacy is commonplace with an estimated 80 
million adults in the United States having low health literacy.244  The findings of the Ko¯rero 
Ma¯rama health literacy report indicated that 80% of Māori males and 75% of Māori females 
had poor health literary skills, which is lower than in non-Māori.274  Therefore, text messages 
need to be developed appropriately with consideration of cultural differences, reading age, 





health condition/s.  Poorer health literacy equates to poorer understanding of health messages 
and is therefore likely to limit the individual’s ability to self-manage.244  A study by Redfern 
et al. developed a set of text messages for secondary prevention in those with cardiac 
conditions.275  All messages were designed using simple language and constructed to be 
suitable for anyone to receive. Participant feedback was highly positive with 88% of 
respondents agreeing that the physical activity information provided was useful and 95% of 
respondents agreeing it was easy to understand.275  
 
➢ Behavioural change theory and/or behavioural change techniques 
Increasingly, interventions aimed at changing patient behavioural outcomes have employed 
behavioural change techniques. Some of these have a theoretical underpinning; others do not.   
 
Behavioural change theories 
Behavioural change theories attempt to explain behaviour changes, with consideration of 
personal, behavioural and environmental factors.276  The most widely used health behaviour 
models are Self-Determination Theory 240; Social Cognitive Theory 236; the Health Belief 
Model277 and the Trans-theoretical Model and Stages of Change.278  
It has been suggested that a theoretical framework, based on behaviour change theory, should 
underpin mobile health interventions.279  However, there is evidence to both support and 
refute the benefits of behavioural change theory in the effectiveness of an intervention. In a 
meta-analysis of text messaging interventions for health promotion, Head et al. argued that 
although theory based interventions had a larger effect size than interventions not 
underpinned by theory, the difference was not statistically significant.259  However, Kinnafick 
et al. suggest that where text messages are grounded in behavioural change theory, there is a 
greater chance of successful behaviour change.255   
Self-efficacy is a key construct of Bandura’s social cognitive theory.236  It is defined as an 
individual’s confidence in their ability to carry out a task or achieve a goal236 and is specific to 
the construct being measured.  Changes in physical activity rely on changes in behaviour and 
health-related behavioural change is thought to depend, to an extent, on an individual’s degree 
of exercise self-efficacy.280  Self-efficacy is strengthened through mastery experiences; that is, 
achieving a desired goal or outcome.236  Exercise self-efficacy is considered to be the main 





considered as part of a study design, there tends to be a lower drop-out rates and a better 
exercise participation rate.282  Exercise self-efficacy is vital to consider in attempting to support 
behaviour change because an individual who believes s/he will exercise is more likely to do 
so, even in the face of potential barriers such as tiredness or lack of time.236  This implies that, 
where self-efficacy is low, physical activity levels may also be low.  
 
Behavioural change techniques  
Behavioural change techniques are derived from theoretical constructs.  They are numerous 
and include goal setting, action planning, self-monitoring of behaviour, social comparison 
and reward.283  Many studies involving telehealth do not provide detail on how the text 
messages were constructed248 and, at times, interventions have not been sufficiently well 
documented to enable replication.  In view of this, a taxonomy was developed by Michie et 
al.284 which aimed to specify the content of behaviour change techniques to increase the 
robustness of intervention reporting.  
Additionally, certain behavioural change techniques have been highlighted as being more 
successful than others at increasing physical activity behaviour.   A meta-analysis published 
in 2009 evaluated 122 interventions to determine which behaviour change techniques were 
most effective.285  The authors’ concluded that the techniques which offered most benefit 
self-monitoring of behaviour; prompting the formation of intentions;  goal setting; providing 
feedback on performance; and prompts regarding behavioural goals.285  Another systematic 
review and meta-analysis published in 2010 included 27 physical activity intervention studies 
with the primary outcome measure of self-efficacy.286  The findings concluded that, of the 
behavioural change interventions used to effect a change in exercise self-efficacy, those 
interventions using vicarious experience, and feedback on physical activity performance, 
resulted in a positive effect on physical activity self-efficacy. Other studies have highlighted 
the behavioural change techniques that are the most successful at increasing physical activity 
behaviour as being problem solving; rewarding successful behaviour and demonstrating the 
desired behaviour;287 and ‘teach to use prompts/cues’, ‘prompt practice’ or ‘prompt rewards 
contingent on effort or progress towards behaviour.’283  The themes common to all of these 
studies are ‘rewarding effort’ and ‘providing feedback’.   
Understanding the influences on behaviour, and how best to change it, has resulted in the 
development of numerous models and frameworks. The COM-B system has been widely used 





being capability, opportunity and motivation.288  It is argued that for interventions to be 
effective, one or more of these three components need to be acted on.  Motivation is often 
identified as a barrier to being physically active217, 289 and increasing an individual’s self-
efficacy can enhance motivation and positively influence physically activity behaviour.290, 291   
 
Combining behavioural change theory with behavioural change techniques  
It is well established that there is a need to target self-efficacy to effect physical activity 
behaviour change.282, 283, 286  A systematic review published in 2013 demonstrated a statistically 
significant association between the use of behavioural change techniques and an increase in 
self-efficacy.283 The behavioural change techniques associated with highest self-efficacy effect 
sizes included action planning and self-monitoring.  Other behavioural change techniques 
demonstrated to enhance motivation include vicarious experience and feedback on 
performance.282 
The primary goal of research in the field of exercise behaviour and self-efficacy, but often the 
hardest to achieve, is the long-term maintenance of physical activity.  Lower self-efficacy is a 
predictor of attrition from exercise programmes amongst older people292 and those with long 
term conditions.293  Where interventions have been designed with a focus on exercise self-
efficacy there is more likely to be a sustained improvement in physical activity behaviour.294  
A three year qualitative follow-up of an intervention to enhance physical activity in middle-
aged adults was conducted to explore long-term physical activity behaviour.  Although this 
three-arm study did not use text messaging, participants in the intervention group received 
three individually tailored nurse consultations to facilitate goal setting and enhance 
motivation.  The other groups received either a pedometer and information via post or 
continued with their usual physical activity.  The findings indicated that those participants in 
the nurse led group had higher confidence in their ability to be physically active than the 
other two groups (postal information only and usual physical activity) at 12 months.  In the 
qualitative follow-up at three years, many participants regarded self-motivation as a key 
reason for them now being physically active and some felt the trial had provided that 
opportunity for self-motivation.294   
 
Another study targeted self-efficacy and self-regulation using goal setting and goal 
monitoring combined with an eight week physical activity intervention in older adults with 





in the exercise group experienced higher levels of self-efficacy at eight weeks compared with 
the control group.295  The role of self-efficacy is further strengthened by the findings of an 
exercise intervention study of older adults where participants with higher self-efficacy beliefs 
at six months were more likely to have a sustained increased in exercise levels at nine and 12 
months.296 
It is posited that efficacy expectations influence a number of physical activity related 
behaviours: the type of activity undertaken by individuals, the level of effort expended in 
achieving physical activity goals and the response to obstacles, in the form of setbacks and 
challenges.291  Quantifying an individual’s level of self-efficacy prior to any intervention may 
therefore be helpful in determining how best to support the desired behaviour change.  The 
stages of change model has been proposed as a simple method of doing this.297  Patient-
treatment matching refers to matching intervention strategies to the individual based on their 
specific characteristics. The rationale behind this approach is that individuals at different stages 
of readiness to change may require a different approach to support behaviour change, 
depending on their stage of readiness to change.297  This has been shown to be an effective 
strategy in some cases.  For example, physical activity interventions based on the Stages of 
Change Model and modified depending on the individuals’ stage of change have been shown 
to increase physical activity behaviour and self-efficacy among adults with coronary artery 
disease.298  It is argued that the strongest interventions may be those that combine components 
from multiple theories.296   
 




➢ Studies effective in increasing physical activity where text messaging has been used  
Some studies have shown text messaging to be effective in terms of short-term physical 
activity behaviour change.  A text message intervention, conducted with older Malaysian 
adults (aged 55-70 years) who had low levels of physical activity, aimed to examine the 
effect of text messaging on exercise frequency.262  Adults in the intervention group were sent 
five texts a week for 12 weeks and showed favourable results in terms of a significant 
increase in physical activity compared with the control group, who received no texts.262  





evident at 24 weeks after the text messages had ceased.  A limitation of this study was that 
the primary outcome was an exercise diary, which relied on self-reported physical activity.  
Intensity of exercise was not documented, nor did the study specify exactly what constituted 
exercise.  Lack of adherence to exercise may have been under-estimated due to the self-
reported nature of the data collected. 
Another study of (n=42) patients diagnosed with colorectal cancer, used a combination of 
printed educational information and Fitbit plus daily text messages for 12 weeks in the 
intervention group, while the control group received the printed educational information 
only.299 The aim was to increase physical activity behaviour.  Text messages were targeted 
and used an algorithm for responses (i.e. a different response was sent depending on a Y/N 
response to a question) but there was no personalisation.  There was a mean increase in 
moderate physical activity levels over time in the text message group compared with the 
control group of 9.3 minutes a day.299  This was not statistically significant but may have 
represented a clinically meaningful improvement. 
Other studies have demonstrated positive outcomes with a lower frequency of text messages.  
A study aimed at increasing step count in older African Americans, aged 60-85 years, over a 
six week period, demonstrated a statistically significant improvement in step count in the 
intervention group where uni-directional texts were sent three times a week.300 
Similarly, a study comparing the use of an activity tracker +/- text messaging to promote 
physical activity in a population attending a cardiovascular disease prevention centre301 
scheduled texts three times daily for two weeks to those in the intervention group. The 
messages were based on activity coaching and step count was the primary outcome.  The 
findings suggested that the activity tracker alone was insufficient to increase step count; in 
the group receiving text messages in addition to the activity tracker, there was a statistically 
significant mean increase in daily step count of 2,534 compared with the group just using the 
activity tracker.301  Due to the limited follow-up period, it is uncertain whether the increase in 
daily step count was sustained over time. 
A randomised controlled trial used a more tailored text messaging intervention to increase 
physical activity levels in adults with T2DM.302  This was a large trial of six month duration 
involving 126 participants with the primary outcome of increased step count over time. Those 
in the text message group received a pedometer plus two automated texts daily, which were 





the pedometer only. Although there was an increase in overall monthly steps recorded in the 
intervention group compared with the control group, this was not statistically significant (a 
mean monthly increase of 9,092 steps compared with 3,722 steps).302 
A further study by Wang et al. also used step count as a primary outcome measure.303  This 
study involving adults with obesity, but without OSA, explored the use of text messaging, in 
combination with a wearable sensor, to improve physical activity behaviour.  The findings 
suggest that, while the text messages initially contributed to a significant increase in physical 
activity in the intervention group, as measured by step count and total active minutes, the 
effect only lasted for one week.  Physical activity levels were measured objectively using the 
Actigraph GT3X+ (ACT, Actigraph LLC Pensacola, Florida, USA). However, males were 
under-represented - of the 67 participants, 91% were female.  This has implications for the 
generalisability of findings, since OSA affects males more than females. 
Another randomised controlled trial of adults who were overweight took the tailoring of text 
messages a stage further. Text messages sent to the intervention group were focused on 
adjusted daily step goals based on participants’ feedback. By comparison, the control group 
messages related to a static goal of 10,000 steps a day.304  The primary outcome was a 
minimum step count of 10,000 steps a day, five days a week. Text messages were received 
once every nine days over a six-month period.  Overall, 58% of the adjusted step goals group 
met their goals compared with 22% of the static step goal group. The mean increase in daily 
step count in the adjusted goals group was 2728 steps compared with 1598 steps in the static 
goals group.304  Although this study demonstrated an increase in physical activity levels in 
the intervention group it was limited by the small sample size (n=20) and the use of 
increasing financial incentives as goals were met.  
In summary, employing text messaging as a means of motivation appears to have some 
impact on increasing physical activity measures, such as increasing step count, in older adults 
and those with long-term conditions. 
 
➢ Studies focused on self-efficacy with or without an increase in physical activity 
Unsurprisingly, some text messaging interventions have focused on enhancing self-efficacy 
in an effort to increase physical activity behaviour.  However, due to the complexity of the 
relationship between self-efficacy and physical activity, where some studies have proved 





activity.  A randomised controlled trial using text messaging intervention to promote physical 
activity amongst working women (n=87) sent targeted and tailored (but not personalised) text 
messages to participants in the intervention group. Three texts a week were sent over a 24 
week period.305  All participants in both the control and intervention group wore a pedometer 
but the control group received no text messages.  At 24 weeks, there were no statistically 
significant differences in step count within or between groups. There was however a 
statistically significant increase in self-efficacy scores in the intervention group compared 
with the control group, at both 12 weeks and 24 weeks.305  These findings seem to indicate 
that an increase in self-efficacy does not automatically result in an increase in activity levels.  
Conversely, a study by Antypas and Wangberg involving 69 participants of a cardiac 
rehabilitation programme, where the intervention group received fully automated text 
messages tailored to each participant’s stage of change, demonstrated a statistically 
significant increase in physical activity without an increase in self-efficacy.306  However, this 
study also included other tools to support physical activity behaviour such as access to 
specifically designed website and an online discussion forum.  Additionally, the study relied 
on the International Physical Activity questionnaire, a self-reported tool, to determine 
physical activity levels, so the accuracy of physical activity levels is questionable.   
A further study demonstrated increases in both self-efficacy and physical activity in a 
population of adults with known cardiovascular disease.254  The primary outcome was peak 
oxygen uptake but physical activity levels and self-efficacy were also measured. This was a 
randomised control trial with the control group receiving usual cardiac rehabilitation and the 
intervention group receiving cardiac rehabilitation plus personalised automated text 
messages, over 24 weeks, designed to elicit physical activity behaviour change.  Results 
indicated a statistically significant increase in leisure-time activity and task self-efficacy in 
the intervention group.254  The authors’ concluded that the increase in physical activity was 
likely influenced by the increase in self-efficacy. 
  
➢ Studies incorporating behavioural change theory and behavioural change techniques 
A study of patients (n=123) with coronary heart disease looked at the effectiveness of text 
messages, ground in Social Cognitive Theory, in improving adherence to lifestyle factors, 
including physical activity.307  Over a 24 week period, participants in the intervention group 





name, the chosen behaviour to focus on and the time of day messages were sent.  Bi-
directional messaging was used with participants able to request personalised feedback and 
having access to a supporting website.  The control group received usual care (inpatient 
cardiac rehabilitation and the option of phase II cardiac rehabilitation).  There was a 
statistically significant treatment effect in favour of the intervention group at three months 
(p=0.03) but this was not sustained at six months.  The overall treatment effect calculation 
was based on a composite score of the lifestyle behaviours being targeted rather than physical 
activity behaviour alone. There was no between groups difference in self-efficacy over 
time.307  
A third study by McCoy et al. also incorporated behaviour change theory.308  This study was 
undertaken in a group of African American participants with a mean age of 52.8 years and a 
mean body weight of 92.6kg.  The study aim was to increase physical activity using text 
messaging based on a theoretical framework comprising the Health Belief Model and 
Information-Motivation-Behaviour Skills model. Messages were sent three times a week to 
the intervention group and were targeted rather than tailored with no personalisation. The 
study findings indicated a statistically significant increase in time spent engaged in physical 
activity in the intervention group (p=0.03).308  However, the physical activity levels were 
self-reported and participants selected the group they were in (intervention or control), so 
there was a high degree of self-selection bias. 
Finally, another study that used behaviour change techniques grounded in theory was a large 
randomised controlled trial (n=296) by Blake et al., where text message content was 
developed using the Theory of Planned Behaviour.269  Physical activity messaging was 
delivered through two different mediums – email and text messages – to hospital employees 
with the aim of increasing work-related physical activity.269  Messages were sent twice a 
week for 12 weeks and the delivery day and time and was the same for both text messages 
and emails.  The messages were individually tailored based on the Theory of Planned 
Behaviour and were personalised using the participant’s name. There was a statistically 
significant increase in mean number of days per week of active travel in both the group 
receiving emails and the group receiving text messages over time but the change was greatest 
in the group receiving emails (p=0.02).  The number of hours per day of moderate work-






➢ Studies not effective in increasing physical activity 
Not all interventions using text messaging as a medium to increase physical activity have 
proved successful.  An RCT in a population of adults with T2DM focused on increasing daily 
step count over a six month period.309  One purpose of the study was to determine whether 
using automated text messages would improve physical activity levels. There were three 
groups: Fitbit only, Fitbit with text reminders and Fitbit with text reminders and daily 
requests for step count goals. The text messages were sent daily for 24 weeks in the group 
being asked for step count goals.  In the’ reminders group’, text messages were only sent if 
the participant had recorded zero steps the previous day. Overall, none of the groups 
increased their daily step count over the study period.309   
Another study, aimed at patients who had had various types of cancer, used a pedometer and 
motivational text messages with the aim of increasing physical activity.310  The control group 
wore a pedometer for eight weeks, while the intervention group wore a pedometer and 
received one generic motivational text message a week for eight weeks. There was no 
increase in level of physical activity in the intervention group although there was a 
statistically significant difference in quality of life scores (p=0.02) and fatigue measures 
(p=0.01) in this group compared with controls at eight weeks.310  Both these studies relied on 
generic text messaging with no personalised element and neither used behaviour change 
techniques, which might go some way to explaining the lack of impact on physical activity 
behaviour.  
A further study used the behaviour change technique of action planning to support physical 
activity outcomes with limited effect on outcomes.311  N=337 adults with the intention to be 
active were recruited. They were assigned to one of three groups all participants received text 
messages – generic physical activity messages, generic messages about action planning and 
individually tailored messages about action planning. The tailored messages included 
participants’ names, perceived benefits and barriers to action planning they had identified.  
Participants received three messages a week for the first four weeks. The messages were sent 
based on participants’ reported preferences regarding days of the week and time of day.  One 
month after the intervention ceased, there were no differences between groups in terms of 
self-reported physical activity.311 Although this study did use both personalisation/tailoring 
and behaviour change techniques, the lack of successful outcome might have been due to the 





4.3.3 Other considerations 
Despite having wide coverage and an increasing body of supporting evidence, text messaging 
may not work for everyone.  A study by Honey et al. (2016) found that the use of text 
messaging to access health information in the older New Zealand population was 
uncommon.312  This may be partly due to relatively recent emergence of text messaging as a 
medium for delivery of health information.  Free telephone services and receiving 
information in person were reportedly preferred methods for over 65 year olds.312  
Additionally, a survey of digital technology of 3,336 participants, found only 13.3% would 
be willing to communicate their health goals via text message.313  This compared with 75% 
by phone and 49% by email. 65% of the group surveyed were 45 years and over.313  This 
poses the question of ‘Can text messaging can be viewed as a generic tool in terms of age 
range?’  The preference of older people may be for an alternative form of delivery of 
information.  Consideration also needs to be given to cultural and socio-economic variation.  
A qualitative systematic review published in 2018 concluded that where text messages are 
being used to convey educational content, some users have exhibited a preference for print-
based materials.268  
 
➢ Intention to exercise 
Even where individual finds text messaging an acceptable option, this is not the only 
consideration.  A person’s intention to exercise must also be considered.  An Australian study 
looked at intention-to-exercise in patients with OSA, using the Transtheoretical Model of 
behaviour change, which employs motivational mechanisms, including patient self-efficacy 
and perceived cost of exercise.314  Participants were recruited from a sleep disorders centre 
and, of the 255 participants, 68% were male.  The mean age was 53, mean body mass index 
was 33kg/m2 and the mean OSA classification was moderate.   The aim of the study was to 
investigate the validity of the Transtheoretical Model of behaviour change for intention-to-
exercise in patients with OSA and to classify the percentage of patients likely to be at each 
stage of change.  The stage of change measure assessed intention-to-exercise and self-
reported exercise behaviour.  There are five stages of motivational readiness for behaviour 
change – pre-contemplative, contemplative, preparation, action and maintenance. Of the 
participants, 19% were classified as pre-contemplative - had no intention-to-exercise in the 





intent to exercise in the next 30 days and some action; 27% were identified as in the 
maintenance stage - had been exercising regularly for more than six months.   
The findings suggested individuals with OSA may be at different stages in terms of readiness 
to exercise, underlining the proposal that a one size fits all approach may be ineffective.  By 
attempting to understand the individual’s perspective it may be possible to tailor motivational 
input to the individual.314  To date, no study has explored how patients with OSA and obesity 
perceive their health risks, their readiness for a change or their expected outcomes/goals of 
intervention.  If interventions are to be developed to support the population with OSA in their 
physical activity endeavours, these barriers and facilitators need to be identified and 
addressed.  If desired behavioural change is going to result a key role exists for 
physiotherapists in supporting this change.   
 
➢ The intention-behaviour gap 
Where intentions to be physically active do exist, anticipated outcomes are still not 
guaranteed.  The intention-behaviour gap has been widely considered in the health promotion 
literature and is recognised as a potential reason for low engagement in physical activity in 
the population with OSA.314  The notion of linking text messages to patient goals is well 
established with numerous studies demonstrating the benefits of text messages referencing 
participants’ stated goals in an attempt to bridge the intention-behaviour gap.  One study 
looked at the effects on physical activity behaviour of text messages that reminded 
participants of either a stated goal or a walking-related plan alongside previously expressed 
implementation intentions.315  The study recruited 149 participants, who were predominantly 
students, with a mean age of 23.4 years, who exercised less than three times a week and were 
physically capable of undertaking brisk walking.  Participants in the two text messaging 
groups received messages over the four week intervention period but it is not clear how 
frequently the messages were sent. The findings suggested that text messaging based on 
either goals or plans was effective at increasing brisk walking when compared with control 
group.315  However, this study relied on self-reported physical activity measures and this was 
a young population who were largely unaffected by health conditions, therefore the results 
are not generalisable to those with long term conditions.  
Behavioural change theory may enable a better understanding of why people do, or do not 





effective interventions.  Creating an environment conducive to change is important in the 
adoption of healthy behaviours.  There is conflicting evidence regarding the effectiveness of 
interventions using behavioural theory to support a change in physical activity.  Some studies 
grounded in theory have shown to be more effective at changing physical activity 
behaviour,316 while other studies based on theory have been no more effective at eliciting 
behaviour change.317, 318   
An individual’s stage of change, and constraints on physical activity, may indicate that an 
individualised approach to the exercise and texting programme is justified.  It is important to 
evaluate the intentions of the individual since correlational studies demonstrate that intentions 
predict behaviour.319 However, intentions alone do not predict behaviour change.  Studies 
have shown that the intention-behaviour gap exists largely due to those who intend to act but 
then decline to do so.319  Intentions are more likely to be followed up by actions when the 
desired behaviour is easy to carry out.319  A tool which aids in the identification and 
management of key obstacles to turn intentions into action is ‘if-then planning’, and it has 
been shown to reduce the gap between goal setting and goal achievement.320, 321  
It is therefore necessary to identify potential barriers to activity, and an individual’s feelings 
about carrying out the desired behaviour, since these appear to be more of an influence on 
volitional response than are the consequences of taking action or not.319  Exploring strategies 
to assist in overcoming potential barriers may also enhance outcomes.320  
 
4.4 Conclusion 
In considering text messaging as a potential intervention to enhance motivation and influence 
physical activity behaviour change, a number of components need to be considered. These 
include the frequency, duration, timing and content of messages, as well as whether there is 
one-way or two-way communication with participants.  Additional consideration needs to be 
given to the theoretical underpinning of the text message intervention, although the evidence 
to date is mixed regarding the benefits of theory-based interventions.  Those studies that have 
incorporated some form of behavioural change techniques tend to have demonstrated better 
outcomes.  However, it is also critical to consider the intentions of the individual and their 
readiness for change.  A key finding from the research is that, where interventions have been 
successful, they have used a more tailored and personalised approach. This appears to 





varying needs of individuals.  Most studies have not provided follow-up data beyond the end 
of the intervention.  Where this has been included in the study design, there is limited 
evidence of sustained behaviour change, suggesting that changes in intrinsic motivation may 
not have occurred. This is despite many studies focussing on self-efficacy. Since self-
management of health is the ultimate goal, there needs to be further consideration of how best 
to support a change in self-efficacy to ensure long term changes in physical activity 
behaviour.  Finally, many of the studies reviewed have used self-reported measures of 
physical activity, which typically overestimate activity levels.  Future studies need to 












➢ Barriers to activity – findings from the descriptive study of 60 participants 
 
The results described in Chapter 3 for the sample population with OSA demonstrated the 
existence of barriers to activity.  A cohort of 60 adults, referred to the Sleep Clinic at 
Dunedin Public Hospital with symptoms indicative of obstructive OSAS, were individually 
interviewed to determine their current levels of physical activity, and any existing barriers to 
activity. Of the total cohort, 37% did not meet recommended weekly physical activity 
guidelines; 84% reported they wanted to be more physically active and 78% identified that 
low motivation was a barrier.  While our findings suggest that many adults with OSA, who 
do not meet recommended guidelines for physical activity,23 would like to be more physically 
active, the findings also demonstrated that low motivation was a major barrier to being 
physically active.  However low motivation is potentially modifiable through engaging the 
person in the use of technology such as text messaging. 
 
➢ User-centred design 
The effectiveness of a mobile phone as a device used for interactive health technology, 
depends largely on the usefulness or relevance of the proposed application to the intended 
user (e.g. the patient).322  The notion of user centred design is becoming central to many 
initiatives planned for health intervention. Involving the service users in the trial design is 
considered an essential feature of good research practice.323  The development of a study 
design without input from key stakeholders, including patients, has been shown to be less 
effective.324  Inclusion of the end user in the design stages of the intervention, facilitates 
understanding of user requirements, aiding both efficiency of study design, and relevance of 
the intervention itself.323  Funding bodies require evidence that the end user has had some 
input into the service design on offer, in order to accommodate service users’ experiences and 
perspectives.  Within a New Zealand context, consideration must be given to traditional 
Māori culture and practices, such as tikanga (values and beliefs), and integration of the 
broader aspects of health such as wairua (spiritual health) and hinengaro (mental health).  





the feasibility of the intervention to the intended population.  It also enables modification of 
design based on feedback from patients and stakeholders.323  
In the case of text-messaging, where the aim is to enhance physical activity to levels known 
to be beneficial for health,281 consideration must be given to the construction of such 
messages with respect to the context of the end users.  Furthermore, facilitating self-
management is key, so messages need to be appropriate to the reading level of the individual 
user and information must be easily understood by people of any age or gender, with 
language kept short, clear and simple.275  Text messages are limited in their character length 
which ensures messages are concise. A further important consideration is that language must 
also be meaningful and culturally appropriate.326   
A Cochrane review, published in 2012, which reviewed mobile phone messaging for 
facilitating self-management of long-term conditions concluded that there was limited evidence 
of the benefit of text-messaging.327  A recent systematic review and meta-analysis of the role 
of smartphones in promoting physical activity, using texting or apps, concluded that such 
interventions were effective in increasing daily steps and minutes of daily physical activity.328  
The majority of included studies (85%) were of moderate or high quality.328  However, gaps 
regarding long-term impact and acceptability of text messaging as a motivational medium do 




The primary aim of this study was to determine the feasibility of using text messaging as a 
medium to enhance exercise behaviour in adults with OSA.  
5.2.2 Ethical approval 
Ethical approval was sought from the University of Otago Ethics Committee (Ethics 
Committee reference number H16/041) and full approval was granted in April 2016 
[Appendix 1]. 
Consultation with Māori was conducted through the Ngāi Tahu Research Consultation 





5.2.3 Study design  
The study used an explorative qualitative design with an inductive approach.  Convenience 
sampling was used with all eligible participants from our initial study cohort were contacted 
by letter or email with an invitation to respond if they wished to be involved [Appendix 16].  
Eligibility criteria were as follows: a diagnosis of OSA; ability to provide written informed 
consent; ability to participate in an interview/discussion conducted in English.  The flow of  
participants is outlined in Figure 5.1. 
Due to issues of recruitment and time of year, a single focus group involving three 
participants was carried out along with two individual interviews in a single week in January 
2018.  A standardised introduction script was used at the start of each session [Appendix 17].  
























Figure 5. 1: Flow chart of participants in the focus group study 
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Table 5. 1: Characteristics of the five study participants interviewed  
Participant  Ethnicity Sex Age Background 
information 
1 NZ European M  38 Smoker, farm 
manager 
2 NZ European M 65 Non-smoker, bus 
driver 
3 NZ European M 45 Non-smoker, 
unemployed  
4 NZ European M 58 Smoker, office 
manager 
5 NZ European F 71 Previous smoker, 
retired 
 
A total of 53 participants were contacted.  There were five initial respondents all of whom 
were willing but unable to participate for a variety of personal reasons (no available time, out 
of the country, unable to travel).  Follow-up emails and phone calls yielded 10 participants 
who wanted to be involved.  One subsequently changed their mind prior to attending the 
focus group. For the groups themselves, five out of nine attended, three in a single focus 
group and two in single semi-structured interviews.  
 
5.2.5 Data collection 
Qualitative research enables the evaluation of a particular topic in depth and in detail.  As the 
data gathered were derived from human experience it was therefore more suited to a 
qualitative approach.  In our exploratory study, an inductive  approach to data collection was 
employed with data analysed using thematic analysis.329  
To accommodate participants data were collected via focus groups or individual interviews as 
each allows researcher interaction with participants and the flexibility to add supplementary 
(off script) questions and probe issues of interest in more depth.  They also allow for 
participants to explore the topic at hand in their own words and pose their own questions if 
necessary.  Focus groups are practical in that several people can be interviewed 
simultaneously, which is more time efficient, but also enables the generation of discussion 





methods do not always reach.330  In addition, there is opportunity for evaluation of non-verbal 
responses demonstrated by the participants. 
In our study, the focus group and interviews were conducted to elicit opinions regarding the 
use of text messaging as a motivational tool to improve physical activity behaviour.  
Exploring the acceptability of a proposed intervention increases the likelihood of it meeting 
the needs of the end user.322  By identifying participants’ preferences and needs as users, the 
information could be incorporated into the text message design component of a subsequent 
study.    
Semi-structured questions were developed by the researcher in advance and revised following 
discussion with the supervisory team.  The structure of the questions was standardised 
between groups and interviews; the open-ended questions allowed for discussion around the 
topic [Appendix 19].  The semi-structured questions were used to explore acceptability, 
timing, content and ability to respond to texts. Supplementary questions based around the 
flow of discussion, including a question regarding home exercises, were added by the 
researcher.  
The focus group interview lasted 45 minutes; the single interviews lasted 15-25 minutes each.  
For each, there was a facilitator, the researcher (SR), plus an additional researcher present in 
the room (MS) to provide further questions where necessary and take notes of the key issues 
that were discussed.  An effort was made to increase credibility of the findings through 
triangulation, by combining researchers involved in both data collection and data analysis.  
The use of a standardised format for each interview and the focus group supported the 
dependability of the data collected by providing consistency.  
All interviews were recorded and subsequently transcribed verbatim by an external 
organisation.  An inductive thematic analysis approach was used to analyse the data. 
Transcripts were read and reread several times in order to develop a clear overview of the 
content.  The data were analysed for units of meaning that related to the aims of the study by 
the researcher (SR).  Codes were developed and later categorised into themes and, 
subsequently, into sub-groups within these themes.   The data were independently coded by 
another member of the team (MS) to verify the initial analysis. The two reviewers compared 







The following themes were identified: timing of texts; personalisation; accountability; 
feedback and content.  In addition, there were some insights which emerged related to home 
exercise programmes and the likelihood of adhering to prescribed exercises. 
 
Category 1: Timing of texts 
➢ Text as a reminder 
 
Within this theme, the idea of the text as a reminder to undertake physical activity, or as a 
catalyst to plan physical activity into the week, emerged.  Monday was cited by all 
participants as a desirable day to receive a text message, as they felt it would allow them to 
start the week off on the right note. 
“A reminder at the beginning of the week. Yeah. Yeah.” (Participant B) 
“Monday is the kick start again after the weekend or something.” (Participant C) 
“So, after lunch, when you have got a bit more free time that would prompt you to think, 
oh something has reminded me to go out and go for a bit of a walk.” (Participant D) 
 
➢ Time of day 
 
Time of day to receive the text was important to some but the specific preference varied 
between participants, illustrating the importance of an individualised approach.  For those 
participants who were working, mornings were not a good option.  For others, they were ‘just 
getting going’ by mid-morning, so that was felt to be the optimal time.  Some felt the evening 
would be a good time to prompt them to be active; others preferred not to have to be active 
once they had returned home at the end of the day. 
“Oh, lunch time, I think, say 1 o’clock.” (Participant D) 
“So mid-morning, hey just a reminder you know, you know make time for exercise, that 
sort of thing.” (Participant E) 
 
“I’ll sit on my bum instead of going, you know going to do that walk ‘cos I think the 







“Not in the morning. I’m always away to work early.” (Participant C) 
 
➢ Impact of weather  
Another theme that developed was the timing of texts in relation to the weather.  The 
potential impact of texting on providing motivation to go outside and be active when the 
weather was poor varied between participants.  Some participants felt it would provide them 
with the motivation they needed.  Others cited adverse weather conditions as a reason not to 
be active and reported it was unlikely that a text message would make any difference to their 
reluctance to venture outside.   
“If it was snowing, I’d think, “Oh good, I can go for a, I’ve got to go for a walk tonight. It’s 
an excuse to go out.” (Participant B) 
 
“If it is pouring with rain, I won’t be doing it.  I don’t know, I would probably just sit down 




There were mixed opinions regarding the predictability of texts, with one participant liking 
the idea of knowing exactly when a text would arrive.  The majority, however, felt 
predictable timing of texts would act as a disincentive and would make it easier to ignore or 
delete.   
“if it was the same generic text come out … every Wednesday or something, you might be 
able to see it come through on your phone and just get rid of it, or you know clear it.” 
(Participant C) 
For some, the unpredictability of when a text would arrive would make them more likely to 
read the message, as it would be unexpected and so of more interest to them. 








There was no consensus amongst participants in regard to the frequency with which texts 
were received. Some felt once weekly was insufficient but too many texts would result in 
them being ignored/deleted.  One participant felt strongly that texts should not be sent on a 
Sunday, as this should be a rest day.  Another reported that over time the effectiveness of 
texts was likely to diminish irrespective of how many per week were sent. 
“I think if you’re going to do it once a week, I think that would probably be enough 
reminder for me just to keep me on track.” (Participant B) 
 
“More is better.  Because I could do nothing in a week.  [Daily] that would be fine.” 
(Participant A) 
 
“I wouldn’t want more than two or three a week otherwise…, it’s just going to get 
ignored.” (Participant F) 
 
Category 2: Personalisation 
➢ Personal details  
Most participants felt that using personal details in the text, such as their own name and the 
inclusion of significant others’ and pet’s names, would be motivating.  They felt a more 
personalised approach would construe the idea that someone cared about them and their 
progress.  Anything that was personal to that individual was likely to add to the motivational 
aspect.  Something with no personalised aspect was considered less desirable. 
“I like the personal things.” (Participant A) 
“A little bit of personal interest I think would go a long way” (Participant E) 
“I do quite like the, the personal touch.  You know the name and you know something, 
something sort of more personal.” (Participant C) 
 





“Please remember to try and get out for a walk with [dog’s name] today. So, obviously, I’d 
like you to know my dog’s name.” (Participant A) 
 
“It could be for anyone.” (Participant E) 
 
➢ Preferred activities 
Referencing an individual’s preferred activities, and suggesting activities that might suit the 
individual, were also considered motivators by some participants.  However, this was not a 
view held by all, with one participant preferring responses that were not too specific or 
personal.  Again, this serves to highlight the importance of an individualised approach to suit 
each participant, as everyone had their own preferences.  
 “Are you wanting to get out for a walk or a swim?” (Participant D) 
“Yeah, go for walk, do the lawns, yeah um, take the dog for walk…. take your kid for a 
walk, go for a bike ride, that sort of thing.” (Participant E) 
 
➢ Potentially negative impact 
Some participants felt that there was potential for text messages to have a negative impact.  
For example, a personalised reference could backfire if it referred to getting out for a walk 
with the dog and the dog had recently died.  It was also mentioned that text messaging could 
have the opposite effect to the intended one; that is, it could demoralise participants if the 
content was unwelcome, or they were unable to carry out the suggested activity. 
 
“I mean that, then the day you send it out the dog’s died the day before, I might be pissed 
off about it” (Participant A) 
 
“We know that you are obese.” (Participant E) 
“On this one it says why not fit in a walk in your lunch break today. Well sometimes you 
can be so busy, it is not going to happen and then afterwards you sort of feel, mmm I 







Category 3: Accountability 
➢ Questions 
The idea of questions being included in the text message was supported by all; participants 
felt it would make them more accountable if they felt they were expected to do something.  
One participant suggested it would make him feel guilty but regarded that as a positive thing 
as it would elicit the desired behaviour.   
 
“I mean it could be a question. “Have you done…?”” (Participant B) 
“What are you up to today; are you going for a walk or doing anything?” (Participant D) 
“If you’ve actually got to answer yes or no, have I done x or y, then that’s probably going 
to be more likely to motivate you to actually make sure you have done it” (Participant C) 
 
[sort of guilt?] “Oh yeah, that works for me.” (Participant E) 
“Physically do something to um, and then, before you wipe it.  So, you don’t have it on 
your conscience.” (Participant B) 
 
➢ Bi-directional 
The idea of responding to the texts was popular with the group, despite the evidence in the 
literature that uni-directional texts are more effective.  Most participants expressed a 
preference for sending a text response back.  They felt texts requiring a response would make 
them more likely to take notice of the texts they received. They also felt text messages 
requiring a response were more likely to be motivating. 
 
“If someone was doing that with me, I would probably want to respond” (Participant E) 
“I think for me it would be if I had to respond with what I’d done.” (Participant C) 
“Yeah, I, I’d reply in text. Yeah. It would make me get off my backside and do a bit more 
texting.”  (Participant A) 
 







Most participants felt that receiving texts would encourage them to reflect on their physical 
activity levels in terms of what they needed to do. 
 
“If you were getting a text message you’d think “Oh, ah, what have I got to contribute this 
week or today?” it will give you a, a prompting to ah, you know to think about what you 
are doing” (Participant B) 
 
“…then you’re going to read it and you’re going to respond to it and you’re going to, it’s 
going to make you think more” (Participant C) 
 
Category 4: Feedback 
➢ Using information provided  
The majority of participants agreed they would find text messages motivating, particularly if 
they felt the information they were feeding back was being used in the research study.  They 
liked the idea of being able to feedback to someone about the physical activity they had 
undertaken and also that information was being recorded somewhere or referred to in 
subsequent texts to the participant. 
“Just so then I knew that that information is actually relevant and being, being used and 
it’s not just a, a waste of time.” (Participant C) 
 
“But if I thought, oh yeah, that’s getting recorded and, and next week, say in the text that 
you send next week, say “Hey, well done on the thirty minutes or something.” (Participant 
C) 
 
“It would be better to be directed towards, you know, we would like you to be exercising 
more sort of thing” (Participant E) 
 
“The main thing for me would be if I thought the information was being useful. You know, 
if I’m sending it back … and I thought that information was just then sort of deleted off the 
system and didn’t really count for anything, then I would think well that’s a bit of a waste 






➢ Goal focused 
Another theme developed from the data was the potential impact of reassessment at a later 
time point in the study.  Several of the participants felt that the reassessment of health-related 
measurements at the end of the study would provide them with the greatest motivation to be 
physically active as it would represent a clear indication of change.  One participant reported 
that the best form of motivation would be the knowledge of reassessment in conjunction with 
the motivational text messages.  
“It’s good to think that there’s a measure at the beginning and, a, a measure at the end” 
(Participant B) 
 
“If you know that there’s going to be some sort of a, well, not a test at the end but, you 
know if you know that your results or whatever are going to be measured.” (Participant C) 
 
“That’s a target to aim for and yeah, you know, a goal I guess.” (Participant C) 
“It probably, I’d probably gain more motivation by what I’m meant to be like at the end.” 
(Participant A)  
 
“you have got the other added backstop where you have got someone who is going to be 
in 12 weeks’ time going to be you know testing you.” (Participant E) 
 
Category 5: Content 
➢ Concise 
When presented with two examples of text formats, the consensus amongst participants was 
that short, concise texts were preferable to lengthy ones.  Most felt that limiting the content 
was ideal. 
   
“The second one was probably more to the point.  I think short and sweet for me would 
be, would be optimal.” (Participant C) 
 
“short and sharp.” (Participant B) 





➢ Positivity/Praise and support 
Most participants felt a positive tone to the text was important and that a supportive approach 
would be more acceptable and more likely to elicit a positive response.  It was important to 
all that the tone was not nagging or negative.  They liked the idea that someone was taking a 
positive interest in what they were doing. 
“Perhaps, just to say well look, you’ve done this much…” (Participant C) 
“come on…. you know you can do it.  That would be much better” (Participant E) 
“Well it is a nicer way of saying get out and do something.” (Participant E) 
“Somebody cares.” (Participant E) 
 
➢ Variable and interesting content  
In terms of the content itself, there were strong feelings about content being variable and 
interesting:  The texts should be different each time;  generic content sent repeatedly was 
considered to hold little appeal and would be easy to ignore; and  if content was boring and 
did not engage the recipient, it was not likely to be motivating.   
 
“Otherwise it’s just getting like a doctor’s appointment reminder.” (Participant B) 
“I think the main thing would be to keep away from the generic message of the, the same 
thing coming out each time” (Participant C) 
 
“Something that engages your brain to make you actually concentrate on what you’re 
reading” (Participant C) 
 
Additionally, generic content containing goodwill messages was not considered motivating or 
interesting as it added nothing important or relevant to the message. 
 
“Take out, “Hope you’re feeling well. Because it does add, it doesn’t add anything.” 
(Participant A) 
 






Educational content within the text was welcomed by some as a learning opportunity.  
Participants liked the idea of being provided with useful information about their condition. 
 
 “What would make you more likely to read it, would perhaps be an interesting stat on 
sleep apnoea.” (Participant C) 
 
“But I, it was just something that I, I’ve thought about [education] and if the opportunity’s 
there, so yeah.” (Participant B)  
“Something brief like forty percent of sleep apnoea sufferers are forty years old and, and 
smoke heavily or something.” (Participant C) 
 
However, this was not a view held by all, with one participant considering he knew enough 
about his condition already and would not find educational “sound bites” helpful. 
 
“I think since I have got to this point, I sort of know all that.” (Participant E) 
 
There was a definite quest for information amongst some participants.  There was a wish for 
greater knowledge regarding aspects of OSA.  For example, how best to use the CPAP 
machine for maximum effectiveness and the importance of overnight adherence and the 
impact of walking in relation to mealtimes. 
“I mean can a person like myself who could … jump into bed at one, put the machine on at 
one thirty, and, and, and wake up at seven or eight in the morning, and ah, still be having 
enough time on it?”  (Participant B) 
 
“Yeah, I got a bit frustrated with these warm nights a couple of times, taken it off. And the 
wife does her nut.” (Participant A) 
 
“I’d sooner eat, um, and walk after I’d eaten, I don’t know what’s the right thing to 








➢ Likelihood of reading the text 
When asked to rate the likelihood of reading a text on a scale of 1-10 (10 being ‘always 
likely’ and 1 ‘never likely’), all participants were more likely to read it than not, at least 
initially. 
 
“Oh, I’d be a ten” (Participant B). 
 
“Initially probably up in the eight to ten.” (Participant C) 
 
“Yeah, I’d say eight to nine.” (Participant A) 
 
“Eight. Very likely.” (Participant E) 
 
“Well definitely. Ten.” (Participant D) 
 
However, over time, the likelihood of reading the texts might diminish for some. 
 
“I think over time it’s going to drop back to a four or five.” (Participant C) 
 
“Five or six quite likely too, yeah after a period of time.” (Participant B) 
 
The reasons for this were varied.  Some felt that texts would be easy to ignore and could 
easily be overlooked when they were in receipt of high numbers of texts a day.  Others felt 
that if the text was predictable in terms of content and timing, it would be more likely to be 
ignored.   
 
“It would be pretty easy just to, be there on your phone and just clear it and carry one 
with whatever you were doing” (Participant C) 
 
“my phone can be going off you know fairly regularly as it is.  It can get lost in the ah, in 
the ether as it were.” (Participant C) 
 
“and if it’s a generic, oh it’s seven o’clock on a Tuesday, I’ve just got a text” [I would be 
less likely to read it] (Participant C) 
 
“If you were able to count it. Say well, yeah ok, yeah that will be … the physical activities 





However, there was no consensus; some participants reported that they would read every text 
and anticipate receiving them. One participant reported they would be more likely to read a 
text due to fear of missing out on something.     
 
“I would be waiting for the next one.” (Participant E) 
 
“I am going to read everything that comes through to me.” (Participant D) 
 
Category 6: Home exercise programme 
As an additional question related to the planning for our proposed intervention study, we 
asked our participants to state their feelings regarding home exercise programmes and the 
likelihood of adherence.  The response was one of collective indifference with most reporting 
that they were unlikely to do exercises even with prompting.  Some participants responded 
that they would much rather be walking than doing home-based exercise.  
 
“No. They drive me nuts…  I just don’t do any exercises at home.” (Participant B) 
 
“You know, I just can’t be bothered to do the exercises.” (Participant A) 
 
“Like we’ve got an exercycle…, and they’re handy to hang clothes on but .... that’s all they 
get used for in our house.” (Participant C) 
 





The analysis of responses from the focus group comprising adults with OSA provided 
insights regarding the use and acceptability of text messaging to facilitate an increase 
physical activity levels in the population with OSA.   
➢ Timing of texts  
There was limited agreement on the timing of texts.  Apart from the idea of generating a text 





were highly variable regarding the timing of texts to optimise motivational effectiveness. 
Predictable timing was not strongly supported; the idea of knowing exactly when to expect a 
text acted as a disincentive to most and would increase the likelihood of the message being 
ignored.  These findings are supported by the literature, which demonstrates that the preferred 
timing of texts to optimise effectiveness is very individual, with variable text-schedules found 
to be more effective in a variety of populations.259  There is no consensus in the literature 
regarding the optimal timing and frequency, since individual preferences appear to play a key 
role.  Reese et al. suggest three to five texts a week is optimal with no more than one text 
daily.257   
To date, there is little research that has been published on the effect of timing of texts on 
action responses.  Customising the text schedule, in collaboration with the individual 
participant, offers potential for timely message delivery at the point of action.  Message 
timing is an important consideration as timing the delivery to coincide with this point of 
action can strongly influence a message’s effectiveness.244, 331  If an individual has identified 
a window of opportunity in their day to be more active, for example, straight after dinner, 
delivery of a text at this time point could optimise effectiveness through providing additional 
motivation to turn planning into action.  This has implications for an intervention study in 
terms of the information elicited from participants at baseline assessment regarding their 
perception of optimal timing for message delivery.229, 259   
 
➢ Personalisation 
(i) Personal details  
A personalised approach to text messaging was supported by all five focus group 
participants; there was consensus that personalisation of messages was more acceptable and 
more likely to be effective.  This focus on personalisation as a motivational factor is 
emphasised in the existing literature.332  The general preference for personalised messages 
rather than generic ones supports the established literature that confirms tailored text 
messages are more effective at eliciting the desired behavioural response when compared 
with targeted messages.333  The consensus behind support for tailored text messages was 
rooted in the belief that, if a message is personalised, it resonates more with the recipient and 





There was, however, some evidence of acceptability of targeted messaging through delivery 
of educational condition-specific messages by study participant, which is in line with the 
findings of others. For example Head et al. found, in their meta-analysis of 19 randomised 
controlled trials, that a combination of both tailored and targeted text messaging was 
optimal.259 
Tailoring text messages to the individual’s demographic and psychosocial variables is likely 
to elicit the optimal result.  Personalisation is considered a key ingredient for effective text 
messaging.332  Personalisation strategies, such as incorporating the individual’s name or name 
of significant other into the text, were found to increase intervention efficacy.259  In text 
messaging studies where personalisation was not a feature, feedback from participants 
indicated this was a frustrating and undesirable element.260 
Participant feedback from other studies involving text messaging studies aimed at increasing 
physical activity behaviour, has highlighted their frustrations regarding the predictability of 
timing, content and lack of personalisation.260  There was variation in the preferences of our 
study participants regarding components of text messaging, including frequency of 
messaging and their desire to respond to messages.  This emphasises the need for flexibility 
and individualisation in optimising text messaging as a motivational tool.229  
 
Participants also highlighted the potential for a negative impact from personalised messaging, 
including not having up-to-the minute information about the participant.  One participant felt 
the messages could elicit guilt if they received one on a day when they did not feel motivated 
to do much.  This notion of guilt is echoed in findings in the literature - participants in one 
study reported feeling guilty when receiving texts on days where they had not planned to 
exercise.262  
 
(i) Preferred activities 
The inclusion of information in the texts regarding an individual’s preferred activities 
appealed to participants and was deemed likely to have a motivating effect.  This links to the 
concept of ‘action planning’, which is the collaborative planning of a course of action 
between patient and/or health care professional, which incorporates the use of prompting and 
cues.334 It represents a key construct used in facilitating behaviour change.  Prompts 





frequency or intensity of activity284; for example, encouraging engagement in a certain type 
of activity on a certain time of day.  Action planning has been demonstrated to be effective in 
assisting with goal setting and goal attainment,334 and has been shown to facilitate patient 
self-management through improving self-efficacy.   
The idea of using prompting and cues was well received in our study, with all participants 
being open to the prospect of text messages which included suggestions for activities to be 
carried out, based on information they provided to the researcher in the initial interview.  For 
example: “Yeah, go for walk, do the lawns, yeah um, take the dog for walk…. take your kid 
for a walk, go for a bike ride, that sort of thing.”  
There is emerging evidence of the benefit of action planning in studies to support changes in 
physical activity behaviour.  One randomised controlled trial, which looked at promoting 
increased physical activity in older adults found that, where text messages were instructional 
and reinforced exercise behaviour, they were perceived by participants as being influential in 
eliciting the desired behaviour.262  Another study which used text messages grounded in 
behavioural change theory for the intervention, including action planning,255 showed a 
significant improvement in moderate intensity physical activity levels at four month follow-




(i) Questions in the text 
There is currently limited literature that has investigated the effects of questions themselves 
on motivational outcomes, with regard to text messaging.  However, consensus amongst 
participants was that asking questions via text messaging was considered to increase a sense 
of accountability, even if there was no requirement to respond.  Participants liked the idea of 
being ‘checked up on’, although some acknowledged it might make them feel guilty if they 
were asked about having undertaken some physical activity which they had not done. 
Presentation of a suggestion, in the form of a question, may have a beneficial effect on 
increasing motivation, even if the question is rhetorical.244  For example, “Even small 
increases in physical activity have health benefits. How about parking a little further away 





(ii) Bidirectional  
There is research that has considered the effect of unidirectional compared with bidirectional 
text messaging.259  Such messaging often involves a question requiring a response.  Some 
findings in the literature suggest unidirectional messaging has similar efficacy to bidirectional 
messaging when used to support lifestyle change interventions, with the additional benefit of 
cost and time efficiencies.335 
However, where studies have investigated user-centred design, the option of two-way 
communication has been preferred266  In common with the literature, the option of 
bidirectional messaging was preferred by the majority of participants in our study.  The idea 
of being able to respond to questions regarding activity undertaken was considered to be a 
strong motivator.  In studies that offer bi-directional messaging, text response rates have 
tended to be better where the participants have met the researcher face-to-face, in part 
because participants felt more supported, and also recognised the information in the texts was 
from a credible source.266   
Overall, the most effective solution may be the option of two-way text communication for 
those who prefer it to recognise that it is not necessarily for all and the preference should be 
elucidated prior to texting so messages can be modified to suit the individual.  
 
➢ Feedback 
(i) Using information provided 
Participants liked the idea that any information they provided regarding their efforts was 
referred to in subsequent texts they were sent; this was considered motivating by all.  They 
reported that it made them feel the details they were providing had value when they had been 
read by someone and commented on in a follow-up text.  Participants agreed that having 
someone as a witness to their endeavours would make them feel more accountable and this 
would positively affect their motivation. 
Feedback on behaviour is a recognised behavioural change technique within Michie’s 
taxonomy284 and is considered one of the techniques most likely to positively impact exercise 
self-efficacy336; with level of self-efficacy being a strong predictor of behavioural change.282   





increasing physical activity, as a means of increasing physical activity levels, was the key 
outcome of a systematic review published in 2013.287 
However, personalised feedback about physical activity behaviour alone may not be 
sufficient to promote behaviour change.337  Self-efficacy is linked to an individual’s stage of 
change297 and, if exercise self-efficacy is low, intention to exercise may not result in a change 
in exercise behaviour; that is, an intention-behaviour gap may result.338  Planning, 
maintenance self-efficacy and action control all appear to play a role in eliminating the 
intention-behaviour gap.339  Incorporating these into feedback strategies may be the most 
effective in eliciting the desired behavioural change.  
(ii) Goal focused 
Linking texts to an individual’s stated goals was also considered desirable by the focus group 
participants.  The notion of goal setting, and progression towards goal achievement, is 
another recognised behavioural change technique284 and a core construct of social cognitive 
theory.  Social cognitive theory is based on the interrelated influence of cognitive, 
behavioural and environmental (social and physical) factors; a change in one of these factors 
can therefore change all of them, which may influence behaviour change.  Message framing, 
through focusing text messages on specific goal-related outcomes, is considered one means 
of connecting with the recipient244 and may serve to elicit a behavioural response that assists 
in goal attainment.  Effective message framing requires a clear understanding of the 
participant concerned, in order that goals set are not just SMART (specific, measurable, 
achievable, realistic and timed) but also meaningful.340 
 
➢ Content 
(i) Concise and varied 
According to our participants, content needed to be brief, to the point and to resonate with the 
intended recipient.  Studies have shown that the more relevant the message is to the end user, 
the more likely it is to be effective341 and other populations have advocated limiting messages 
to no more than two sentences.257   
Consensus on the need for variable content was also a finding in our study, with all participants 





predictable.  This support of variation in message content has been highlighted in other 
studies,266 as have frustrations with the predictability of text message content.  Horner et al. 
(2017) in a study involving people with T2DM, found participants were frustrated with the 
repetitive content and predictable timing of text messages sent.260  
 
(ii) Praise and support  
Participants valued messages which were supportive and offered praise. A supportive 
approach, and someone taking an interest in what they were doing, was appealing as it 
implied the person responsible was taking an interest in the participant as a person. This sense 
of support and that “somebody cared” has previously been identified in the literature as a 
factor influencing engagement with a text messaging programme.266 
 
(iii) Educational 
Educational text messages were acceptable to most of our study participants, with the idea of 
learning more about their condition, and the benefits of physical activity, being welcomed.  
These findings are supported by the literature focussed on people with chronic conditions 
where the information provided has reinforced previous advice given, and where information 
regarding physical activity has been considered the most valuable.266  An educational 
approach has been used with reasonable success in a population with diabetes where it has 
been used to increase awareness and knowledge of the condition.342   
 
➢ Home exercise programme 
The final question of the focus group investigated home exercise programmes.  Most 
participants reported that they would not be likely to adhere to a prescribed home exercise 
programme even if there were text messages to encourage and support them doing it. 
Participants were positive about what they saw as less structured activity, such as walking. 
There is much in the literature regarding poor adherence to prescribed home exercise 
programmes, with the rate of reported adherence as low as 39%343 and our findings support 





include the level of patient motivation and level of understanding about exercises.343  Self-
efficacy may also be a factor.344 
 
5.5 Implications for the study 
 
The feedback from this focus group provided data that were used to inform a future 
intervention study.  The findings highlight the importance of personalised messaging to the 
end user.  It has also reinforced the fact that participants wanted to be held accountable and 
therefore wish to have an opportunity to give feedback about their physical activity efforts.  
Based on the current evidence in the literature, bi-directional messaging is no more effective 
than uni-directional messaging259 but the findings from our study participants indicated the 
option for two-way communication was preferred.  Our focus group cohort perceived having 
the option to respond, and being held accountable for keeping active, as a good motivator, 
and our subsequent intervention study has been designed to reflect this.  The preference for 
flexibility regarding timing and individualisation of content of text messaging was also taken 
account of in our intervention study.  Our subsequent study, described in Chapter 6, has been 




A key limitation of this study was the small sample size.  This was insufficient to provide a 
representative range of participant views during the data collection stage.  In addition, the 
sample was not representative of the broader adult population with OSA.  All participants 
identified as New Zealand Europeans; with no representation from New Zealand Māori, 
Pacific Islanders or Asians.  Furthermore, participants were mainly men (80%) which, while 
reflective of the greater predominance of OSA in males in the general population, was not 
representative of our total sample cohort, which was 58% female.  Although the sample 
lacked diversity the findings mirror those of other similar studies in different populations 
within New Zealand.345  The study findings lack transferability due to the issues outlined 
above but also as a result of the recruitment strategy employed.  There was an element of 
self-selection with those included in the study having volunteered in response to being 
contacted.  Additionally, there was a degree of selection bias; in recruiting from our original 





first place.  Therefore, the results cannot be assumed to be representative of the broader 
population of adults with OSA. 
 
The credibility of the study findings could have been enhanced through carrying out member 
checks.  That is, interpretation of the findings could have been reviewed by the participants 
involved, to ensure they were reflective of the views that were expressed at the time.  A more 




This small sample of adults with OSA appeared to accept the idea of text messaging to 
support an increase in physical activity.  None of the participants interviewed expressed 
strong feelings regarding text messaging being a negative construct or an unacceptable 
intervention method.  The themes that developed from the data - personalisation, variable 
content and timing; the right to respond to texts and feedback – are all findings that support 
the existing literature on the most effective motivational aspects of text messaging.  Our 
findings emphasised that an individualised approach to text messaging to motivate physical 
activity behaviour may be an acceptable option for adults with OSA and is worth further 













CHAPTER 6: FEASIBILITY STUDY OF MOTIVATIONAL TEXT MESSAGING 




The findings from our Chapter 5 demonstrated that text messaging as a means to motivate 
physical activity behaviour may be acceptable to some adults with OSA.  OSA is associated 
with increased CVD, morbidity and mortality.117  The importance of lifestyle change in the 
management of adults with OSA is gaining traction.  The AASM recommends lifestyle 
options, including exercise, as management options for OSA.33  A systematic review and 
meta-analysis, published in 2019, looked at 10 randomised controlled trials involving 
lifestyle interventions (diet, structured exercise or a combination) and found that, compared 
to usual care, each of the three interventions resulted in a statistically significant 
improvement in apnoea severity, as evidenced by reductions in AHI. 119 Physical activity also 
confers protection against the development of OSA114 and is a known moderator for cardio-
metabolic risk.5,114  A recent meta-analysis suggested that regular physical activity can reduce 
the severity of OSA by 28% in a population of adults with a diagnosis of at least mild OSA  
(AHI≥5 events/h)232 and there is a negative association between OSA severity and physical 
activity levels even when adjusting for BMI.114  It is also interesting to note that physical 
activity does confer benefit to those with OSA who are non-obese.114  These findings 
demonstrate the potential benefits of physical activity in the management of OSA and the 
potential long-term gains of a lifestyle-based approach focussed around physical activity.   
Chapter 3 outlined the low levels of physical activity typical of a cohort with OSA and 
highlighted low motivation as one of the perceived barriers.  In addition to lack of time and 
motivation, which are both commonly reported barriers to physical activity, excessive 
daytime sleepiness and fatigue, key symptoms of OSAS represent a further challenge.346  The 
challenge is to determine how to provide support for sustained behavioural change in this 
population.  The feedback received from participants in our qualitative study in Chapter 4 
was that  this small sample of adults with OSA felt  personalisation and an individualised 
approach may provide a form of motivational support if incorporated into a programme that 
included text messaging..  Variation in message content and frequency and timing of texts to 
arrive at the point where individuals were ready-for-action were discussed as potential 





The current chapter outlines the results of our feasibility study, which was designed to reflect 
the feedback received from our focus group (Chapter 5), by providing a flexible approach to 
supporting physical activity behaviour change in each individual.  It is vital to develop 
effective strategies to support regular uptake of physical activity.  To do this requires 
consideration of factors that influence lifestyle decisions, such as attitudes and beliefs, skills 
and social support.347   
At present, there are few available lifestyle programmes running alongside sleep clinics.119 
The current set up at the Dunedin Sleep Clinic is primarily focussed on diagnostics and 
provision of CPAP, where indicated. There is evidence that suggests starting those with 
moderate-severe OSA on CPAP does not automatically translate to increased physical 
activity.18  Infact, due to a reduction in net energy expenditure, those commencing CPAP 
may actually end up gaining weight.98  Furthermore, in those not meeting the criteria for 
funded CPAP therapy (typically mild to moderate OSA), there are often contributing lifestyle 
factors which remain unaddressed.  Without addressing these factors, there is a likelihood of 
weight gain, which is known to result in a disproportionate increase in apnoea severity25,122 
and an increase in both health risk and health associated costs. 
The most recent AASM guidelines recommend weight loss and physical activity as 
adjunctive treatments in the management of OSA.33   There is, however, a need to provide 
further evidence that a supported physical activity intervention is feasible and efficacious and 
cost effective.  
OSA is known to affect 4% of middle-aged males and 2% of females but is underdiagnosed 
and undertreated.5  It is estimated to directly affect 300,000 people in New Zealand, but 
invariably remains undiagnosed.73  OSA is more prevalent in Māori and Pacific populations 
and is twice as common in Māori males compared to non-Māori males.11  With increasing 
awareness of the symptoms and the association between OSA and other non-communicable 
diseases (obesity; hypertension; T2DM), it is projected the number of people with diagnosed 
OSA will continue to increase.6   This further strengthens the argument for looking at the 
efficacy of adaptable adjunctive treatments, in order to support Māori and non- Māori, in 









The method was developed in accordance with the CONSORT 2010 statement: extension to 
randomised pilot and feasibility trials.348 
6.2.1 Aims 
 
The primary aim of the feasibility study was to assess the feasibility of conducting a future 
definitive trial of a text messaging intervention to increase physical activity behaviour and 
enhance self-efficacy in an adult population with OSA. 
The primary outcomes were as follows:  
1. Timeframe for recruitment  
2. Study completion rates  
3. Feasibility of and compliance with wearing of the wrist worn accelerometer 
4. Acceptability of the exercise class 
5. Feasibility of objective outcome measures used 
6. Acceptability of questionnaires used 
7. Acceptability of text messaging 
 
Other outcomes of interest were: 
 
1. A detectable change between groups in terms of 6MWD over time  
2. A detectable change in physical activity levels  between groups over time 
3. A detectable change in self-efficacy  (as determined by Exercise Self-Efficacy Scale 
scores) between groups detectable change in barriers to physical activity (as 
determined by Exercise Benefits/Barriers Scale scores) between groups  over time 
4. A change in motivation (as determined by an increase in stage of change/readiness for 
exercise scores) between groups over time  
5. A change in sleep efficiency between groups as determined by Actigraphy at baseline 





6.2.2 Ethical approval  
 
Ethical approval was sought from the NZ Health and Disability Ethics Committee (HDEC) 
and was obtained on 19th July 2017.  [Ethics number: 17/STH/105] [Appendix 20]. 
Maori consultation was undertaken and obtained on 7th June 2017 [Appendix 21]. 
 
6.2.3 Study design  
 
Rationale for pilot and feasibility study 
A pilot study is a precursor to a larger study and is designed to assess the feasibility of the 
methodology used, with the aim of using the findings to inform changes in the study design 
of a future RCT.349  
The population with OSA is difficult to engage with due to the prevalence of daytime 
sleepiness and fatigue, and the strong association with depressive symptoms.79  Feedback 
from participants in our earlier study (Chapter 5) suggested that individualised text messaging 
might represent an acceptable intervention to increase motivation to change physical activity 
behaviour in this population.  The aim was, therefore, to assess whether conducting a trial 
that included a text messaging programme in a sample population of adults with OSA was a 
feasible option. 
This was a quasi-randomised intervention study with three arms – supervised exercise 
without motivational text messaging, supervised exercise plus motivational text messaging, 
and unsupervised exercise plus motivational text messaging.  Current usual care for long term 
management of OSA is either CPAP, recommendation for an intra-oral device (such as a 
mandibular advancement device) or no intervention.  Eligibility for a funded CPAP machine 
is determined by the frequency and severity of apnoeas and hypopnoeas, as represented by 
the AHI, and typically requires an AHI greater than 30/hours of sleep or 15/hours of sleep 
with an ESS score greater than 16 or an increased occupational risk.    
Although usual care at the point of diagnosis is currently ‘no input’ or ‘CPAP’, it was 
considered important to offer  a physical activity intervention in all study arms, since it is 
well established that increasing physical activity levels in those with OSA can reduce apnoea 





adding motivational text-messaging had the outcome of increasing physical activity 
behaviour and self-efficacy. 
The study incorporated a user-centred design; data gathered from focus-group interviews 
with end users (January 2018), related to timing and content of text messages, was used in the 
design of the intervention study.     
 
6.2.4 Recruitment  
 
Participants were recruited from amongst adults referred to the Sleep Clinic at Dunedin 
Public Hospital, who were triaged for an overnight sleep study, based on their responses to 
the self-reported Sleep Questionnaire [Appendix 3]. Patients assessed as having a risk of 
OSA were categorised as either urgent, semi-urgent or routine based on ESS scores, snoring, 
BMI, neck circumference, co-morbidities and occupational risk.   Using existing networks, by 
enlisting the support of the local Sleep Clinic staff, helped to maximise recruitment of 
participants.  This was considered the most effective method for accessing patients with a 
high likelihood of OSA.  
6.2.5 Participants 
  
Eligibility criteria were: 
-  an ESS score of ≥11 and other symptoms of obstructive sleep apnoea hypopnoea 
syndrome, a diagnosis of OSA or awaiting prioritisation for an overnight sleep study 
to confirm a diagnosis of OSA,   
- the ability to be physically active   
- able to complete a consent form in English   
Exclusion criteria were as follows (as diagnosed at the initial assessment):  
- poorly controlled hypertension (systolic blood pressure of 180 mm Hg or greater, or 
diastolic blood pressure of 110 mm Hg or greater, at rest) 
- unstable angina (chest pain at rest or with minimal physical exertion) 
- high levels of weekly physical activity exceeding the WHO guidelines23 for additional 






An administrator (AB) from the Dunedin Sleep Clinic, unconnected with the study, sent out 
the Participant Information Sheet [Appendix 22], Consent Form [Appendix 23] and Letter of 
Invitation [Appendix 24] to all participants on the waiting list who met the eligibility criteria.  
The contact number/email for one of the study team (MS) was provided for participants if 
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Figure 6. 1: Flow chart of participants through the intervention study from recruitment to the end point 





6.2.6 Randomisation  
 
Participants who made contact were then screened to ensure they met all the eligibility 
criteria before being enrolled on the study. An initial appointment was made by an 
administrator (MM) at the School of Physiotherapy, who was not otherwise connected to the 
study.  At the initial appointment, the participant was given the opportunity to discuss any 
aspects of the study and written consent was obtained. For those who opted not to be in the 
study, reasons were ascertained where possible (Table 6.1). 
Each participant was then randomised to one of three groups by the administrator (MM), 
using a computer-generated random numbers system.  The allocation ratio was 1:1:1. 
The three groups were as follows: 
Group EXE – supervised weekly exercise class only 
Group EXE+TXT – supervised weekly exercise class and text messaging 
Group TXT – unsupervised weekly exercise and text messaging only 
 
Four participants from rural Otago, defined as those people who lived 50kms or greater from 
Dunedin, were allocated to the text messaging only group, due to practical considerations. 
For those who were confirmed as not having OSA (n=2) after enrolling on the study, there 
was the option to continue but for their data to be omitted from analysis.  In the event, both 
participants opted to leave the study. 
The community exercise classes that participants attended were supervised groups, which 
were already established, and which took place once a week during the University semesters.  
These exercise classes were run by two physiotherapists each unconnected to the study.  
After participant consent was provided, the physiotherapists were given the health 
information for each participant joining the class, including age, medical history, and 
anthropometric measures recorded at baseline [Appendix 25].  The exercise group 
physiotherapists were blinded to those who were receiving text messages.  
The supervised exercise class options were considered to be acceptable for use in the study.  
Each was scheduled at mid-morning (10.30am) which was felt to be the most suitable time of 





experiencing fatigue) to optimise attendance by participants.  The class was supervised but 
largely unstructured, with participants following their own individual programme [Appendix 
26], within a group setting.  Programmes were individualised to meet the needs of each 
participant but all included a mix of aerobic and resistance exercises. A copy of the exercise 
prescription was provided to the patient and the supervising physiotherapist. 
The supervised exercise classes comprised:  
• a general group aerobic warm-up (low intensity) 
• individualised exercise session incorporating any of the following:  
- exercise bike 
- walking  
- rower 
- step ups 
-  core exercises (Swiss ball/roller or mat) 
- resistance exercises (free weights and/or resistance bands) 
-  flexibility exercises (mat) 
- balance exercises (mini-tramp or wobble board) 
• In-group stretches and cool down 
 
6.2.7 Blinding 
The primary researcher (SR) was not blinded to the participant group allocation.  This was 
not possible as the primary investigator was formatting the text messages to be sent.  The 
physiotherapists running the community exercise groups were blinded to whether the 
participants were receiving text messages or not.   
 
6.2.8 Sample size 
Since the population with OSA can be difficult to access due, in part, to their symptoms of 
daytime sleepiness and fatigue, it was difficult to ascertain the likelihood of recruiting 
participants, so the feasibility of recruiting from this population was a key consideration of 
the study.  There is generally no requirement for a sample size calculation for a pilot study.  





the primary feasibility objectives of time to total participant recruitment and study completion 
rates. 
The rationale for the sample size  was based on the notion that a change in cardiorespiratory 
fitness, as evidenced by a clinically meaningful increase in six-minute walk distance 
(6MWD) would be sufficient to demonstrate an improvement in the health markers and 
would represent an important first step to sustainable behaviour change.  There is currently 
no established minimal clinically important difference in the population with OSA; a change 
of 14m to 30.5m is considered clinically relevant across multiple patient groups.350  The aim 
was for a minimum pilot trial sample size of 60 (20 per group).351.  The goal of 20 
participants per group for the three group feasibility study was based on four feasibility 
studies in the literature involving physical activity interventions in adult populations with 
health conditions.  In these studies, the number of participants per group was between 11 and 
25.352-355  
 
6.2.9 Data Collection 
Data were collected at each of the three time points – baseline, 12 weeks and 24 weeks.  Data 
were obtained during an individual interview, of approximately 90 minutes in length, with the 
primary researcher (SR), and incorporated the following measures and questionnaires: 
• General participant information [Appendix 27] 
• Anthropometric data  
• Grip strength  
• Five times sit-to-stand 
• Gait speed 
• Six-minute walk distance 
• Questionnaires 
• Provision of accelerometer – physical activity levels were assessed using 
accelerometry at baseline, 12 weeks and 24 weeks to determine frequency, duration 
and intensity.  
6.2.10  Additional information 
 





• Support on goal setting and action planning  [Appendix 28] 
• Educational information on OSA and physical activity [Appendix 29] 
• Home exercise programme of resistance training [Appendix 30] 
• Collaborative completion of text messaging planner and preferences (including 
preferred activities; support people; significant other; dog’s name; time and other 
constraints) [Appendix 31] 
• Details and map of Unipol exercise class (including instructions to wear loose-fitting 
clothes, comfortable shoes and bring a water bottle)   
 
6.2.11 Outcome measures  
 
6.2.11.1 Anthropometrics 
Data were collected on the following: height, weight, resting blood pressure, resting heart 
rate, oxygen saturations, neck circumference, waist circumference, and hip circumference.  
This was to establish a profile of the cohort, as well as to determine any changes at follow-up 
time points. It also served as exercise pre-screening to ensure measures were within 
acceptable parameters for commencing exercise/exercise testing. 
➢ Height and weight 
Height was measured in centimetres, without shoes, to the nearest 0.1cm, using a Charder 
HM200P portable stadiometer.177  Participants were instructed to stand with feet together and 
heels, buttocks and upper back touching the stadiometer, with the head in the natural head 
position; they were asked to nod their head three times and look straight ahead.167  The board 
was lowered until firmly touching the participant’s head and the measurement was taken in 
centimetres. 
Weight was measured while wearing light clothing and without shoes, using a Seca 813 
electronic flat scale178 to the nearest 100 gm. The Seca digital scales hold a maximum of 200 
kilograms and their extra width and proximity to the floor, allow for ease of use. The scales 
were calibrated prior to use. 
These measures were taken in order to calculate BMI for our sample population.  Baseline 





demonstrated that individuals with higher levels of adiposity at baseline, had lower 
objectively measured physical activity levels at five year follow up.356  
➢ Neck circumference  
Neck circumference was measured in a standing position, and taken at the level of C4, using 
an anthropometric tape measure. The participant was asked to stand with the head in the 
natural head position and shoulders relaxed. They were asked to nod their head three times 
and look straight ahead.167  Measurements were recorded in centimetres and millimetres, to 
the nearest millimetre.  Enlarged neck circumference is a predictor of OSA severity.166  A 
reduction in neck circumference might, therefore, be associated with  reduced severity of 
OSA. 
➢ Waist and hip circumference 
Waist circumference was measured horizontally on bare skin at the mid-point between the 
right lower rib margin and the iliac crest using an anthropometric tape measure with the 
subject in standing and at the end of a normal expiration. The tape was positioned snugly but 
not tight to the skin. Measurements were recorded in centimetres and millimetres, to the 
nearest millimetre. 
Waist circumference is a marker for CVD risk and, a reduction in waist circumference is 
strongly associated with a reduced CVD risk.357  By measuring hip circumference, this 
enabled calculation of the waist-hip ratio. 
Hip circumference was measured horizontally on bare skin at the level of the greatest 
protrusion of the gluteal (buttock) muscles using an anthropometric tape measure with the 
subject in standing and at the end of a normal expiration. The tape was positioned snugly but 
not tight to the skin. Measurements were recorded in centimetres and millimetres, to the 
nearest millimetre. 
 
➢ Blood pressure, oxygen saturations and heart rate 
(i) Blood pressure 
Blood pressure was calculated using a calibrated OMRON HEM-7221 monitor, which is 





Participants sat quietly in a chair with back support, with both feet flat on the floor, for at 
least ten minutes prior to measurement to ensure true resting levels could be recorded.  An 
appropriately sized cuff was placed on the bare arm supported at heart level, with any 
restrictive clothing removed, if necessary. The participant was asked to relax their hand. 
Blood pressure measurement was taken twice, on the right arm, and the lower of the two 
readings used. Where the two readings differ by more than 10mmHg systolic or 6mmHg 
diastolic, a third reading was taken, as per protocol.358 
(ii) Heart rate 
Heart rate was recorded in beats per minute with the participant at rest, having sat quietly for 
at least ten minutes. A calibrated monitor EDAN H100 pulse oximeter was used.176 
(iii) Oxygen saturation 
Oxygen saturation was recorded with the participant at rest, having sat quietly for at least ten 
minutes. A calibrated monitor EDAN H100B pulse oximeter was used.176 
These measures provided baseline information and also screened each participant for physical 
activity readiness prior to them undertaking the 6MWD and subsequent physical activity.  
Although measured at each time point, changes in these measures, as a result of the 
intervention were not analysed as there were too many uncontrolled factors that may have 
influenced any changes. For example, whether the person had just consumed a cup of coffee; 
changes in anti-hypertensive medications that may reduce blood pressure or blunt heart rate 
(in the case of beta blockers); and other life stressors. 
➢ Grip strength 
This study incorporated a strengthening component, so required an accepted measure to 
determine any objective changes in both upper limb and lower limb strength.  Grip strength 
was used as a proxy for global upper limb strength and has been widely used in this 
capacity359; it is a sensitive enough measure to capture changes/improvements in upper limb 
strengthening359 and is quick and easy to administer.  It has established reliability and 
validity360 and absolute reference values.  
Grip strength has been shown to be an accurate predictor of mortality,361 even when 
measured in middle age362 and the long-term determinants of muscle strength decline need to 





A Jamar dynamometer363 was used to record grip strength in kilograms.  The protocol for 
measurement of grip strength was as follows:  
In standing with the elbow flexed at 90 degrees, the participant was instructed to squeeze as 
hard as they could for three seconds.  Three attempts were made with each hand, with a 30- 
second rest between attempts.  The best result was recorded for both dominant and non-
dominant hand.  The best result with the dominant hand was selected for analysis. Factors 
that might affect reliability of results are conditions affecting the ability to grip effectively, 
such as osteoarthritis of the fingers, hands and wrists.   
➢ Five times sit to stand (5XSTS) 
This was used as an assessment of lower limb strength.  It is easy and quick to administer, 
with simple instructions for the participant.  The test is also more likely to reflect strength 
rather than endurance compared with alternative measures, such as the 10 repetition sit-to-
stand or 30 second sit-to-stand test.  Lower time results represent better performance on the 
test.  The minimum clinically important difference (MCID) is 2.3 seconds.364  
Normative values for 5XSTS in different age groups can be seen in Table 6.1.364 
 
Table 6. 1: Normative mean (±standard deviation) values for the five times sit-to-stand by 
age group 
Age group Mean (secs) + SD 
19-49 years 6.2 ± 1.3 (secs) 
50-59 years 7.1 ± 1.5 (secs) 
60-69 years 8.1 ± 3.1 (secs) 
70-79 years 10.0±+ 3.1 (secs) 
Ref: Bohannon RW, Shove ME, Barreca SR, Masters LM & Sigouin CS. Five-repetition sit-to-stand test 
performance by community-dwelling adults: a preliminary investigation of times, determinants, and 
relationship with self-reported physical performance. Isokinet Exerc Sci. 2007: 15 (2); 77-81. 
 
The test requires a standard height chair (46 centimetres) without arms.  Standardised 
instructions to the participant were used [Appendix 32]. 
The test has good intra-rater reliability in older and younger adults365 and good test-retest 
reliability.366  It is a valid measure of lower limb strength; there is a significant correlation 





measure of physical function in older adults.368  A poor result is associated with reduced 
mobility and eventual disability.369 
Factors that may cause variability in the results include age, height and weight. 
➢ Gait speed 
Gait speed was measured as a timed five-metre walk test over a flat even surface, during the 
third length (lap) of the 6MWD between the 5m and 10m mark.  A 15m length hallway was 
used for the 6MWD and so a five-metre distance was used to measure gait speed to avoid any 
acceleration or deceleration at the turning points. Gait speed was calculated as total distance 
(five metres) divided by time. Gait speed was self-selected (preferred walking speed) rather 
than maximal.  Gait speed represents a reliable measure of functional capacity and is quick 
and easy to administer, requiring minimal equipment.370  Slow gait speed is associated with 
adverse outcome in community dwelling adults371  There appears to be no established 
minimal clinically important difference in the population with OSA or obesity. It is known 
that women who are obese have shorter stride length and slower gait speed in comparison to 
women with normal weight.372 
 
➢ Six-minute walk distance (6MWD) as a measure of cardiorespiratory fitness 
A standardised protocol was used [Appendix 33]. 
The 6MWD in a healthy adult population is 400m to 700m.  Obesity and OSA, are associated 
with a reduction in 6MWD.373  Obese subjects tend to have slower gait speed, exerting 
themselves more at any given speed, and more frequently experience dyspnoea and 
musculoskeletal pain while walking.374  In a study of n=55 participants with severe OSA, the 
mean 6MWD was 386m compared with 407m in the obese control group (n=32).375  There 
currently exists no data for minimal clinically important difference (MCID) for 6MWD in the 
population with OSA.  A MCID difference for functional change in 6MWD in an obese 
population is estimated at 80 metres,376 so it is reasonable to assume it would be similar (but 
possibly a bit lower) in a population with co-morbid OSA and obesity.  As reference data, 
mean 6MWD in middle aged and elderly adults (aged 45-82) was 682m in males and 643m in 
females, where the majority of the cohort (83%) were normal weight or overweight as 








Questionnaires were as follows: 
➢ Functional Outcomes of Sleep Questionnaire (FOSQ) [Appendix 34] 
The FOSQ looks at the impact of sleep disorders on functional outcomes of activities of daily 
living.  It incorporates items related to intimacy and sexual function,378 areas that are rarely 
explored in other instruments.379  In doing so, it provides additional information on health 
outcomes that are not limited to the physiological changes in apnoea severity.380  By 
capturing broader data, which is arguably more meaningful to the patient, it is more useful 
than alternative outcome measures, such as the ESS, which has the sole function of captures 
hypersomnolence.162  The FOSQ is also more likely to reflect the impact on function and 
daily living of associated conditions, such as depression or obesity.   
It has been widely used in populations with sleep disordered breathing and is valid and 
reliable.  In our study, the FOSQ was used as a sleep questionnaire to determine whether 
there was any improvement in fatigue, function and quality of life as a result of increased 
physical activity. 
The MCID for the FOSQ is not reported.379  Permission to use the FOSQ was obtained from 
the developer Professor Terri Weaver [Appendix 35]. 
 
➢ Patient Health Questionnaire (PHQ-9) [Appendix 36] 
The PHQ-9 is designed as a tool for monitoring severity of depression and, over time, repeat 
use can reflect change in symptom severity.381  Total scores enable easy categorisation of 
depressive symptoms. It can be used as a screening tool for a tentative diagnosis of 
depression in at-risk populations and has been validated in the population with coronary heart 
disease.382  Although not validated in the population with OSA, this is an at-risk population 
with rates of depression reported as being between 21% and 41%.79  It can be quickly and 
easily completed by the patient (self-reported) and very quickly scored by the clinician.  It 
has established reliability, with 61% sensitivity and 94% specificity in adults.381  The MCID 
in older adults in 5 points.383  The copyright for the PHQ-9 was originally held by Pfizer but 






➢ Short Form-36 (SF-36) [Appendix 9] 
The SF-36 is a 36-item tool divided into eight sub-scales, incorporating both emotional and 
physical health.  It has been widely used as a quality of life measure across a variety of 
populations.  The general population mean for SF-36 subscale scores is 50.384  In a study of 
884 participants from the Sleep Heart Health Study, of whom 43.2% had mild-to-moderate 
OSA and 7.6% had severe OSA, severity of OSA had a larger effect on quality of life in 
females than males; those females with severe OSA recorded significantly lower SF-36 
scores (p<.0001) than females with no OSA.385 
Correlations among outcome measures for quality of life are not high385 and, therefore, the 
use of more than one measure to assess various components of quality of life was considered 
necessary to capture the various different components (e.g. FOSQ, PHQ-9, SF-36). 
The MCID in terms of the general health subscale is a 5% difference; this is considered to be 
clinically and socially relevant.386  
 
➢ 2015 PAR-Q+ (screening for physical activity) [Appendix 11] 
The PAR-Q+ was developed to reduce barriers to activity participation. It is used as a 
screening tool to ensure exercise prescription is safe and appropriate at initial assessment and 
identify those who required closer monitoring.  The current pre-participation risk assessment 
strategy, which is strongly evidence-based, supports health care professionals in minimising 
barriers to participation in physical activity while ensuring patient safety.189  The risks of 
being physically inactive far outweigh the small, transient risks seen after acute exercise in 
both asymptomatic and symptomatic populations across the lifespan.387  
 
➢ RM-FM1: Stages of Change questionnaire  [Appendix 37] 
The RM-FM1 is based on trans-theoretical model for change and considers the individual’s 
stage of change relative to engagement in regular exercise or physical activity.388  It is 
acknowledged that stage matched interventions, which take account of readiness for exercise, 
are more effective at changing physical activity behaviour than action-oriented 





developing a personalised exercise prescription.  Few stages of change questionnaires exist 
and none have been widely used.  The RM-FM1 was selected since it is simple and very 
quick to administer, comprising only four questions.    
 
➢ Exercise Benefits/Barriers Scale [Appendix 38] 
Understanding why individuals do not participate in sufficient physical activity is complex 
and multifaceted and likely to be influenced by personal, interpersonal, environmental, and 
policy determinants. The Exercise Benefits/Barriers Scale was used to determine whether 
involvement in the study changed participant perspectives of physical activity. The Exercise 
Benefits/Barriers Scale is a single scale, with a total possible score of 172.390  It uses a four-
response Likert scale scored from 4 (strongly agree) to 1 (strongly disagree) with 14 barrier 
items, which are reverse scored. The higher the score, the more positive the person’s 
perception of their exercise.   
Permission to use this scale was obtained from the developer, Karen R Sechrist, prior to 
commencement of the study [Appendix 39]. 
 
➢ Self-efficacy for Exercise Scale [Appendix 40] 
Self-efficacy is domain specific236 and it was therefore necessary to include a measure of 
exercise self-efficacy within the study design.  The Self-efficacy for Exercise scale is a 9- 
item questionnaire; the total score is calculated by adding the responses to each question.391  
Possible total scores range from 0-90 with a higher score indicates higher self-efficacy for 
exercise and has established reliability and established internal consistency = 0.92. It was 
originally developed for community-dwelling sedentary adults and has demonstrated 
reliability and validity,391 with efficacy levels significantly correlated with exercise 
participation levels.241  Permission to use this scale was obtained from the developer 










Accelerometry data were collected for 24 hours a day over a seven-day period using the 
Actigraph 3GTX at the three time points: baseline, 12 weeks and 24 weeks.  Participants 
were provided with information regarding the use of the accelerometer [Appendix 41].  
Participants were asked to wear the accelerometer at all times during the seven-day period, 
unless showering or undertaking water-based activity.  The accelerometer was worn on the 
wrist of the non-dominant hand as per the recommendations from Actigraph regarding 
capturing of sleep data (ActigraphCorp.com, Pensacola, Florida, USA).  The Actigraph 
3GTX has established reliability when worn at the hip under free living conditions.392 
The company’s recommendations are for sensors to be worn on the waist or hip to capture 
MPVA (Actigraph Corp website). Historically these sites have been used due to the central 
placement capturing whole body movement.393  However there is generally poor compliance 
with waist/hip mounted accelerometers and wrist worn devices are more acceptable in some 
populations.394  There is noted variation between counts per minute with waist accelerometry 
compared with wrist accelerometry,395, 396 although the focus of our study was relative 
change.  In the Loprinzi study, Actigraph accelerometers were only worn for eight hours and 
this was a small study with only 13 participants, all of whom were students, with average age 
of 22.5 years.  Therefore their findings are unlikely to be generalisable to a wider multi-
morbid population. Another study, comparing hip and wrist worn devices, involved 
participants wearing the accelerometers for up to 10 hours daily for seven days.  This study 
demonstrated variation between monitor placement with wrist-worn accelerometers recording 
higher overall acceleration than hip-worn devices.397  The population in this study was similar 
to that of the Loprinzi study; there were 22 participants, all of whom were University 
students.   
Freedson (1998) bouts were used, which categorise the physical activity level as sedentary, 
light, moderate, vigorous or very vigorous.  Activity intensity was defined by the following 
cut-points: sedentary (< 200), light (200-2690), moderate (2691-6166), vigorous (6167-
9642), and very vigorous (> 9643).  Since the cut points used in this algorithm are lower 
than other methods and, given the perceived low levels of activity in the population with 
OSA, a lower threshold was more likely to capture data.  This algorithm is provided in the 





There is evidence that wrist-worn devices are more acceptable to study participants and 
therefore provide a greater likelihood of compliance.  In the National Health and Nutritional 
Examination Study (NHANES) conducted in 2011/2012, accelerometer wear times was 
100% greater on the wrist than in previous years, when they had been waist mounted.394    
With regard to assessment of sleep, wearing of the Actigraph accelerometer on the wrist has 
been validated against polysomnography (the gold standard) in terms of total sleep time, 
wake after sleep onset and sleep efficiency.399  However, it is necessary to note that this 
validation was carried out in community-dwelling adults aged 50-75 years; with no diagnosis 
of OSA.  
In this study, accelerometry was used to determine objective changes in physical activity 
levels and sleep changes from baseline to end-of-study.  It is well documented that self-
reported physical activity levels tend to be overestimated. Since the accelerometer is a closed 
unit, with no feedback mechanism, unlike other wearable devices, it was less likely to 
motivate a change in an individual’s physical activity behaviour whilst being worn. 
Participants were provided with a sleep diary and asked to complete this for the seven nights 
that they the accelerometer [Appendix 42]. 
Participants were provided with a pre-paid courier bag at each interview and asked to return 
the accelerometer (to SR) as soon as possible after the seven days wear time had elapsed. 
 
6.2.13 Educational information 
 
Written information provided to participants [Appendix 27] was in the form of: 
• A standardised education sheet regarding symptoms of OSA, risk factors and the 
potential benefits of physical activity in the population with OSA 
• New Zealand Ministry of Health recommendations for weekly physical activity 
(closely resemble the WHO guidelines)  
• Tips to get started with being physically active, how to incorporate incidental activity 
into daily life and how to keep going  
• Advice on warning signs and when to stop/seek help  






6.2.14 Activity habits and goals 
 
The focus of the initial interview was to provide enough time, in an unhurried manner, to 
explore each participant’s perspective and feelings related to physical activity.  The goal was 
to work alongside the participant to support them in finding workable solutions to 
incorporating physical activity into their normal week.  
Information was gathered on the following using semi-structured questions to assist with 
action planning and goal setting [Appendix 28]:  
- general thoughts on physical activity 
- current level of physical activity  
- previous physical activity involvement (see below) 
- any identified barriers to activity  
- how these barriers can be overcome (if…then strategies) 
- the participant’s main health concern 
- the importance of physical activity to the participant given everything else going on in 
their life (1-10 Likert scale) 
- reasons for wanting to be more physically active 
- meaningful physical activity goals 
- habits to assist in goal achievement 
 
6.2.15 Exercise classes 
 
The exercise classes were held once per week during the university semesters (March-May 
and July –October).  A personalised programme for the class was provided by the researcher 
(SR) at the initial interview.  The programme incorporated both aerobic and strengthening 
exercises, plus a home exercise programme of strengthening exercises, tailored to suit the 
individual.  The class programme was reviewed and adapted/progressed as required by the 
physiotherapist running the exercise classes.   
 
6.2.16 Unsupervised physical activity 
 
Walking was the preferred activity for the majority of participants, since it was low cost, 





WHO23 and New Zealand Ministry of Health guidelines37 for recommended weekly physical 
activity state a minimum of 150 minutes per week, in bouts of at least 10 minutes.  The aim 
of the intervention was to support individuals to progress towards meeting these weekly 
guidelines.  
Walking is versatile, low injury risk and low cost and is an appropriate approach for 
intervention studies.400  Participants who opted to use walking as their main means of 
physical activity were encouraged to use the rate of perceived exertion (RPE) at level 3-4 on 
the modified Borg scale – ‘moderate’ to ‘somewhat hard’ - which equated to moderate 
intensity, to ensure they were in line with the WHO guidelines for physical activity intensity. 
6.2.17 Resistance exercises 
 
Strength training is a recommended component of the WHO physical activity guidelines.401 A 
minimum of two strengthening sessions per week is recommended along with 150 minutes of 
aerobic exercise.  The study was designed to support individuals with OSA to progress 
towards reaching both the aerobic and strengthening guidelines over a 24-week period.   
The aim was to incorporate home-based resistance exercises using minimal resources – 
simple and easily reproducible exercises – to ensure sufficient loading to effect physiological 
change.  In untrained individuals, the initiation of a strengthening programme results in a rate 
of strength gain that is greater than in trained individuals.402  A general programme of 
resistance training is recommended for this group.402  All participants received an exercise 
booklet [Appendix 30] containing a set of home exercises, which were demonstrated and then 
practised at the initial assessment.  There was an emphasis on functional activities, such as 
sit-to-stands, squats and step ups.  In addition to being more meaningful and therefore more 
likely to encourage adherence, multiple-joint exercises such as these are generally considered 
safe for most people provided correct technique is established.402  All home strengthening 
exercises used body weight as resistance, were easy to replicate at home and required no 
specialist equipment.  The exercises targeted the major muscle groups of the arms and legs.  
In the booklet, exercises were shown in picture format and included a written description of 






Exercise prescription followed ACSM guidelines for muscle strengthening and employed the 
FITT principle of frequency, intensity, type and time.403  Standardised advice was given to 
complete the selected number of exercises (between eight and ten) 3 times weekly (including 
the structured exercise class session for those randomised into groups A and B), with rest 
days in between, to optimise physiological adaptation and recovery.  Exercises were modified 
to suit the individual to take account of the different levels of baseline strength, existing co-
morbidities/injuries, balance and level of confidence.   
For strengthening exercises, participants were encouraged to work at a self-rated moderate 
intensity, which corresponded to a level five (hard) on the modified Borg RPE scale 
[Appendix 43].  This level of intensity aimed to allow for 10-15 reps per set, for three sets per 
exercise, initially, with the last repetition being difficult to complete, in line with the ACSM 
recommendations for exercise prescription for resistance training in older (unconditioned) 
adults.403  Although historically used to quantify level of intensity in aerobic exercise, the 
Borg scale has established reliability, as a means of determining exercise intensity during 
resistance training.404  A positive linear relationship between RPE and exercise intensity has 
been demonstrated.405  In one study, working at 70% 1-repetition max corresponded to an 
RPE of between 5 and 6 for both upper limb and lower limb exercises.404  The use of RPE 
enabled participants to undertake resistance exercise at home, and monitor the rate they were 
working at, without specialist knowledge or equipment. RPE is inexpensive and easily 
understood even for those with low health literacy.406   
Additionally, studies have shown that RPE is not only an effective method of load 
progression to increase both muscle strength and functional ability in older adults, but to the 
participant, is a more tolerable method of monitoring.407  Since adherence to home exercise 
programmes is known to be low, enjoyment in a resistance training programme is vital to 
ensure continued participation. 
Information was provided to participants at the initial assessment regarding progression, 
based on RPE, and modification of exercises to increase muscle loading.  
 
6.2.18 Text messaging information 
 
Five texts per week were sent for the first 12 weeks of the study.  These were sent on 





frequency in the second 12 weeks, so that no texts were received in the final two weeks of the 
study period (Table 6.2).   
 
Table 6. 2: Frequency of text messages sent during the intervention study 
Week of study Number of texts received per week 
1 - 12 5 
13 - 14 5 
15 - 16 4 
17 - 18 3 
19 - 20 2 
21 - 22 1 
23 - 24 0 
 
Information was gathered from each participant regarding personal information that would 
help shape motivational construction of texts – this included detail regarding the names of 
significant others and any pets; preferred activities; preferred time to undertake activities; 
preferred approach to motivation (e.g. carrot, stick or both) [Appendix 31]. 
Participants in the text messaging groups were encouraged, but not required, to respond to 
texts.  This was, therefore, personalised to suit the individual’s preference. 
Some texts were personally tailored to the individual recipient; others were more targeted 
texts providing useful information on OSA and/or physical activity. Text templates were used 
in some cases and modified as required.  Templates for texts were established from the 
findings of our focus group study (Chapter 4) in combination with behavioural change 
techniques and included interesting facts, positive reinforcement, praise and support, 
questions about physical activity behaviour, and feedback on activities undertaken (if the 
participant had responded and sent texts back).    
 
6.2.19 Use of behavioural change theory in the construction of text messages 
 
Behavioural change techniques were used in the planning and construction of texts.  At the 
initial interview attitudes and perceived barriers and benefits of physical activity were 
explored.  The techniques of ‘action planning’ and ‘goal setting’ were used at baseline 
(Chapter 4 section 4.3.1).  The constructs of positive feedback, rewarding behaviour and 





increase participant self-efficacy, which is known to positively impact physical activity 




Most texts were personalised either by name or other personal details (significant others’ 
names; the dog’s name) or by referencing information discussed in the initial (or subsequent) 
interview regarding activity preferences or goals.  At the initial interview, participants were 
asked in detail about their text messaging preferences and what features would be the best 
motivators for them.  The literature suggests this tailored approach to text messaging may 
result in higher readership, perceptions of higher personal relevance, and greater behaviour 
change.409  
Use of the Vodafone MultiTXT system enabled texts to be pre-programmed and scheduled in 
advance, and generic texts could sent to multiple users simultaneously.  The system also 
allowed for personalisation of templates to meet the needs of the individual.   
Participants in other studies have preferred text messages where the sender is easily 
identifiable and text messages where the sender is readily identifiable, are more likely to be 
read.257  In our study, all text messages where prefixed with ‘Sarah@OSA_study’, to ensure 
they were easily linked to their study involvement.   
 
6.2.21 Follow-up appointments  
 
Each participant was invited to a follow-up appointment at 12 weeks and 24 weeks from the 
baseline appointment.  These follow-up appointments lasted a maximum of one hour.  
Outcome measures, in the form of the questionnaires and anthropometry, were repeated and 
there were some additional questions regarding changes in physical activity since 
commencement of the study.  Each participant was then provided with an accelerometer at 
both 12 weeks and 24 weeks, which was programmed to record for 24 hours over seven days, 








6.2.22 Rural participants 
 
In the case of rural participants, the follow-up appointments were undertaken via Skype, if 
the participant was unable to travel to attend an appointment at the School of Physiotherapy.  
In these cases, the accelerometry programming was based on the participant’s estimation of 
height and weight.  No anthropometry data were obtained and questionnaires were posted 
out, and returned, with the accelerometer. 
 
6.2.23 Statistical Analysis 
 
Data were analysed using IBM SPSS Statistics 26 (IBM Corp, Armonk, New York, United 
States).   Descriptive statistics – means, standard deviations, and confidence intervals - were 
calculated for the participant groups.   Normality of distribution was tested using the Shapiro-
Wilks test, due to the sample size only being n=30.  Where both variables were normally 
distributed, parametric tests were used for continuous data.  Missing data were managed 
using last observation carried forward.  Where data were normally distributed and all other 
assumptions held, paired t-tests were used to compare means for within group analyses, and 
ANOVA for between group analyses of continuous data.  Where there were significant 
differences among the three groups in the ANOVA, post-hoc analyses were undertaken to 
determine where the differences existed.  Confidence intervals have been reported.  Since this 
was a feasibility study, it was not powered to test hypotheses about the effectiveness of the 
intervention; the focus was on identification of trends in the data and clinical significance 
rather than statistical significance. As a result, p values were not reported.348   
This study was undertaken to determine whether a trial to support physical activity behaviour 
change using telehealth in the population with OSA was feasible in terms of trial design and 
recruitment of participants, and to assess the acceptability of the intervention and the efficacy 













6.3.1 Results of feasibility outcomes 
 
6.3.1.1  Recruitment  
 
We recruited 30 eligible participants (Figure 6.1).  Recruitment was lower than anticipated 
with the target being 60 participants.  The most common reasons for not participating in the 
study were being too busy or already exceeding the WHO guidelines (Table 6.4). 
Recruitment from the Sleep Clinic was slower than anticipated and various alternative 
strategies for recruitment were considered, including: 
- Extending the study to include anyone on the Sleep Clinic waiting list 
- Providing participants with financial incentives in the form of fuel or grocery 
vouchers 
- Visiting participants during their Sleep Clinic appointment to discuss study 
- Setting up a webpage to promote the study through the University of Otago 
- Highlighting the value of participant involvement in the study ensuring they feel part 
of the research team  
- Organising a public lecture to raise awareness of OSA to the general population 
through communicating regarding common symptoms and health risks of the 
condition 
- Developing a brochure promoting the study to be added to overnight sleep study letter 
from Sleep Clinic and/or given to patients when attending their Sleep Clinic 
appointment. 
In discussion with the supervisory team and, after gaining approval from the Sleep Clinic 
administrator and sleep technicians, the protocol was modified as follows:  
(1) inclusion criteria for the study changed to include all adults on the Sleep Clinic waiting 
list who had a high risk of OSA and were awaiting an overnight sleep study  
(2) a brochure [Appendix 45] promoting the study was developed and added to the overnight 
sleep study appointment letter from the Sleep Clinic and/or given to patients when attending 





Despite the modifications, the rate of recruitment remained slow compared to initial 
projections and the number of participants recruited was 30 in a timeframe of 15 months.   
Recruitment of participants was via referrals to the Sleep Clinic at Dunedin Public Hospital 
and proved challenging for a number of reasons. Follow-up phone calls to discuss the study 
with potential participants were limited by phone numbers being incorrect or no longer in 
service (n=18 cases). Of the remaining 78 people who were contacted by telephone to further 
discuss the study and/or make an appointment, thirteen did not meet the eligibility criteria 
and 35 opted not to be involved in the study (Table 6.3). 
 
Table 6. 3: Reasons for not being included in the study 
Reasons for exclusion from the study N 
Already exceeding WHO guidelines for activity  10 
Unstable angina* 1 
Confirmed as not having OSA 2 
Reasons for not wanting to be involved in the 
study 
N 
Too busy/work commitments 10 
Too many other health issues 4 
Not interested 2 
Not keen to travel/no transport 5 
Rural 3 
No cell phone 1 
Unable to commit to exercise classes 4 
WHO = World Health Organization; OSA = obstructive sleep apnoea 
* Patient reported experiencing angina at low exercise intensities and was advised to make an 
appointment with his GP 
 
6.3.1.2 Study completion rates 
 
Seventy percent of the 30 participants who consented and were enrolled completed the study 
(Figure 6.1 pg.129).  Two individuals were confirmed as not having OSA following an 
overnight sleep study and were subsequently excluded from the study.  Of those participants 
who did not complete the study, seven dropped out between baseline assessment and 12-week 
follow-up and two were lost to follow-up before the 24-week appointment.  The final number 





Where possible, reasons for dropping out were elicited but some participants were lost to 
follow up.  One participant went overseas on an extended trip; another decided they were too 
active to gain any benefit from the study; one moved out of the area. 
Analysis of the baseline data for the nine participants who did not complete the study showed 
that their baseline demographic and other characteristics did not differ from those of the total 
sample.  The only difference of note was that the mean pain score on the SF-36 for this group 
was lower at 52% than the mean pain score for the whole group (64%) at baseline. A lower 
score on the SF-36 indicates a lower level of function, suggesting pain had a greater impact on 
quality of life in this group.   
 
6.3.1.3 Feasibility of accelerometer 
 
➢ Reliability of accelerometry in capturing physical activity 
Accelerometers are well established and widely used in research. They simultaneously 
measure movement in three planes, providing a reliable method of capturing changes in 
MVPA.  As part of the initial interview with regard to increasing physical activity behaviour, 
participants were encouraged to reflect on activities they enjoyed most and/or had engaged in 
previously.  However, some activities were captured more readily than others.  Participants in 
the study were instructed to (1) wear the accelerometer on their wrist and to (2) remove it for 
water-based activity.  For these reasons, accelerometry was limited in the inability to capture 
largely stationary activities (such as static cycling or strengthening exercises) and there was 
potential for mis-classification of water-based activities as non-active time, due to the 
participant having removed the device. 
 
➢ Wearing of the accelerometer 
 
Table 6. 4: Accelerometer wear rates by timepoint for the total cohort 
Timepoint 
Accelerometer wear rates  Baseline (n=30) 12 weeks (n=22) 24 weeks (n=21) 
Full 7 days 24 19 21 
Between 5 and 7 days 2 3 - 
Between 3 to 5 days  2 - - 





Accelerometer wear rates were determined by the ‘total wear time’ provided in the Actigraph 
data downloaded for each participant.  Most participants wore the accelerometer for the entire 
programmed time period (7 days/168 hours). At 24 weeks, all 21 participants wore 
accelerometers for seven whole days.  Of the four participants who wore the accelerometer 
for five days or less at baseline, all of them dropped out before completion of the study. 
 
➢ Returning accelerometers 
For the study duration, accelerometers were used in total 72 times and all but two were 
returned to the study.  On 14 occasions participants had to be prompted more than once to 
return the accelerometer.   
 
➢ Comfort/acceptability of accelerometer 
In general, feedback from participants was quite favourable regarding the wearing of the 
device.  However, one participant refused to wear it at subsequent timeframes after the initial 
seven-day baseline assessment period as he deemed it too uncomfortable. Other participants 
reported that the device was too bulky and the strap was tight and uncomfortable.  Two 
participants reported that it was inconvenient and embarrassing to wear.   
The other main feedback on wearing the device was that, unlike other wearable devices, there 
was no visible feedback on progress such as step count and this was construed as a negative 
feature. 
 
6.3.1.4  Acceptability of the exercise class 
 
At the point of randomisation three participants who were eligible for enrolment and 
expressed an interest in participating in the study, withdrew after being randomised to one of 
the exercise class groups.  The reason for opting out was due to being unable to commit to 
exercise class attendance, primarily due to a clash with work, or transport difficulties getting 
to the gym location on the outskirts of town. There were no withdrawals from those 
randomised to the text message only group.  
Of the remaining 20 participants who were randomised to the exercise class (groups EXE and 
EXE+TXT), three did not attend the exercise class at all, and an additional three had less than 





attendance at the classes.  Of those that did not attend a single exercise class, all were in the 
EXE+TXT group.   
 
6.3.1.5 Feasibility of outcome measures   
 
The test for 6MWD was carried out by most participants at most timepoints without issue.  It 
was simple and easy to administer and a practice test was not required as per the American 
Thoracic Society guidelines.410  Since walking is a functional activity, there was low risk of 
learning effect being a confounding factor.  In addition, the 6MWD was a good measure of 
functional exercise capacity and more accurately captured changes than the accelerometer. 
The only limitation of the 6MWD was that, for three participants, other conditions impacted 
on their ability to mobilise; a flare up of their gout or their knee osteoarthritis severely 
restricted their walking ability.  In these cases, the 6MWD was not an accurate proxy for 
cardio-respiratory fitness.   
Additionally, the 6MWD has been validated in the population with obesity but, given that 
several of our sample were not obese, it may have had a ceiling effect.  
The 5XSTS is a recognised measure of lower limb strength367,411 and was feasible in that it 
was quick and easy to administer, with simple instructions.  No participant reported difficulty 
with participating in this test.  However, there are variables which may affect the results, 
including age, stature and body weight.412  The main limitation was that the 5XSTS was not 
sufficiently sensitive as a measure of change in lower limb strength in this population.  
 
6.3.1.6 Usefulness and acceptability of questionnaires 
 
Prior to the study commencing, the questionnaires were piloted by one adolescent and one 
adult, unconnected to the study, who independently completed the set of questionnaires to 
determine the average time to completion and reading ease, in terms of sentence length and 
language content. The average time to completion was 22 minutes and, based on this, the 
time estimated for participants in the study to complete all questionnaires was 30 minutes.   
There were six questionnaires to complete, with four of them being a single page only.  The 
completion rate was 100% at baseline, 87% at 12 weeks and 83% at 24 weeks.  All returned 





participant concerned was contacted by phone and asked the relevant questions, in order to 
obtain the missing values.   
The questionnaires used in the study were appropriate tools for gathering the necessary 
information required for the study.  However, the usefulness of the information as a means of 
determining any between groups change is difficult to ascertain due to the small sample size 
included in this feasibility study. 
 
6.3.1.7 Acceptability of text messages 
 
The acceptability of the text messages, in terms of content, timing and frequency was 
explored in exit interviews with participants and the findings are discussed in detail in 
Chapter 7. 
 
6.3.2 Descriptive data 
 
A total of 30 participants were initially enrolled in the intervention study.  Of the 30 
participants, four were identified as being rural (i.e. lived greater than 50km outside 
Dunedin). Thirty participants completed the baseline assessment in person, with two of the 
rural participants undertaking initial interviews and follow-up interviews via FaceTime or 
Skype.  The demographics of the sample group are set out in Table 6.5.  The age range of 
participants was 20 to 74 years. 
The Shapiro-Wilks test was used to determine normality of distribution.  There were no 
significant between group differences at baseline.  One extreme outlier was removed from 
group EXE for grip strength (left and right) due to the inability of the participant to complete 














Table 6. 5:  Mean baseline demographics and anthropometrics by group allocation (n=30) 
Characteristics Total sample 
(n=30) 







Male, n  17 6  5  5  








Ethnicity NZ Euro, n  25  6  9  10  
Employed, n  18 5 7  6  
Non-smoker, n  15 5  4  6  


























Neck circumference* (cm), 









Waist circumference* (cm), 









Hip circumference* (cm), 

















Waist to hip ratio 1.0 (0.9) 0.9 (0.1) 1.0 (0.1) 1.0 (0.1) 
Grip strength left hand* (kg), 









Grip strength right hand* (kg), 







































BMI = Body mass index; 5XSTS + Five times sit-to-stand; 6MWD = Six minute walk distance; EXE = exercise 
group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 
*no significant between-group differences at baseline  
 
➢ Body Mass Index (BMI) 
 
The majority of the sample (21/30) had a BMI greater than 30 kg/m2, which is classified as 
obese 413; five participants (17%) had a BMI between 25kg/m2 and 30kg/m2; classified as 





Of the total cohort, 22/30 had an increased metabolic risk as determined by waist 
circumference; 14/30 had an increased risk of OSA as determined by neck circumference; 
and 23/30 had an increased risk of obesity-related cardiovascular disease as determined by 




Across the total cohort, there were a range of self-reported co-morbidities (Table 6.6). The 
average number of co-morbidities was two (excluding OSA) and five participants reported no 
co-morbidities. 
 
Table 6. 6: Self-reported co-morbidities of study participants (n=30)  







Low back pain 4 
Headaches/migraines 4 
Dyslipidaemia 3 
Hay fever 3 
T2DM 2 
Other  5 
CVD = Cardiovascular disease; T2DM = Type 2 diabetes mellitus 
 
 
6.3.3 Results of secondary outcomes  
Analysis of secondary outcomes was undertaken using intention-to-treat analysis, with the 
principle of last observation carried forward used where there were missing data, such as 
from participant withdrawal.  For secondary outcomes, the results by group at each time 
period, with means and standard deviations, are reported in Table 6; 95% confidence 
intervals (CIs) are reported in Table 6.7.  Normal range of scores for each questionnaire are 







Table 6. 7: Results of secondary outcomes (mean and SD) at each time point by group 






























PHQ-91 5.5  
(3.4) 








8.7 (4.6) 6.5 (5.1) 
FOSQ 13.8 
(4.2) 




























































































































 9.8  
(2.0) 
















































PHQ-9 = Patient Health Questionnaire; FOSQ = Functional Outcomes of Sleep Questionnaire; SEE = Self-
efficacy for Exercise scale; EBBS = Exercise Benefits/Barriers Scale; RM1-FM = Stage of change questionnaire; 
5XSTS = Five times sit-to-stand; 6MWD = six minute walk distance; EXE = exercise group; EXE+TXT = exercise 
group plus text messaging; TXT = text messaging only group 
 
1Higher PHQ scores indicate a higher level of depression severity 
2Lower 5xSTS scores indicate an improvement  
 
Unless indicated, positive values represented an improvement at T2 (12 weeks) and/or T3 (24 








Table 6. 8: Within groups results of secondary outcomes (95% confidence intervals) between 
time points 
  
T2 – T1 Mean difference (95% CI) 
 
 





































































































































































PHQ-9 = Patient Health Questionnaire; FOSQ = Functional Outcomes of Sleep Questionnaire; SF-36 = Short 
Form 36; SEE = Self-efficacy for Exercise scale; EBBS = Exercise Benefits/Barriers Scale; RM1-FM SoC = Stage 
of change questionnaire; 5XSTS = Five times sit-to-stand; 6MWD = six minute walk distance; EXE = exercise 
group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 
 
 
T1 = baseline; T2 = 12 weeks post-randomisation; T3 = 24 weeks post-randomisation 












6.3.3.1 A detectable change between groups in terms of six-minute walk distance 
 
➢ 6MWD: between groups comparison 
A one-way ANOVA was conducted to determine if mean 6MWD was different for each of 
the three study groups: EXE, EXE+TXT and TXT. Data were normally distributed for each 
group as assessed by the Shapiro-Wilk test (p>0.05) and the assumption of homogeneity of 
variances was met at baseline (p=0.796) and 24 weeks (p=0.332), as assessed by Levene’s 
test. Data are presented as mean +/- standard deviation and confidence intervals.  
Mean distances for 6MWD increased across all three groups (Figure 6.2) but differences 
between groups were not statistically significant at the study end point (F(2,27) = 0.294, p = 
0.748.  The mean improvements for groups EXE, EXE+TXT and TXT were 37.9m (95%CI -
4.1m to 79.7m), 30.4m (95%CI -1.9m to 62.7M) and 33.7m (95%CI -1.4m to 68.7m) 
respectively.  The MCID for 6MWD of 30.5m 350 was reached, in all three groups.  This 
mean increase in 6MWD appeared to plateau at 12 weeks in groups EXE and TXT while the 
increase appeared to continue in group EXT+TXT beyond 12 weeks.  The 12 week point was 
when the supervised exercise classes ceased for group EXE and the number of text messages 
received for group TXT began to reduce in frequency.  Despite no clear conclusions being 
drawn due to the small number of participants per group, and resulting wide confidence 
intervals, as an outcome measure the 6MWD proved to be an acceptable measure of cardio-

















6MWD = six-minute walk distance; EXE = exercise group; EXE+TXT = exercise group plus text 
messaging; TXT = text messaging only group 
Figure 6. 2: Change in 6MWD by group from baseline to 24 weeks 
 
Table 6. 9: Mean 6MWD in metres at baseline and study end point by group 
Group N Mean Std Deviation 95% CI 
6MWD_baseline 
Group EXE 
10 456.6 98.5 374.2-538.9 
6MWD_baseline 
Group EXE+TXT 
10 492.5 81.2 434.4-550.6 
6MWD_baseline 
Group TXT 
10 497.7 95.1 429.6-565.7 
6MWD_12wk 
Group EXE 
10 498.6 77.2 434.0-563.1 
6MWD_12wk 
Group EXE+TXT 
10 495.4 94.5 427.8-563.0 
MWD_12wk 
Group TXT 
10 531.6 108.2 454.4-609.1 
6MWD_24wk 
Group EXE 
10 494.4 78.5 428.8-560.0 
6MWD_24wk 
Group EXE+TXT 
10 522.9 115.2 440.5-605.3 
6MWD_24wk 
Group TXT 
10 517.8 111.8 451.3-611.3 
6MWD = six minute walk distance (metres); EXE = exercise group; EXE+TXT = exercise group  































6.3.3.2 A detectable change in physical activity levels both between groups 
 
➢ Light physical activity: between group comparisons  
A one-way ANOVA was conducted to determine if light physical activity level varied 
between different groups at each time point. Data were normally distributed for each group as 
determined by the Shapiro-Wilk test (p>0.05). There was heterogeneity of variances for 
baseline light physical activity as assessed by Levene’s test of homogeneity of variances 
(p=0.013). Therefore, Welch’s test was used and found no statistically significant difference 
between groups at baseline (p=0.365). Homogeneity of variances did hold for the 12 week 
timepoint and 24 week timepoint and there was a statistically significant result between 
groups at 24 weeks (p=0.026). Post hoc tests (Tukey’s) were used to determine where the 
difference lay - between group EXE and group EXE+TXT (p=0.05) and between group EXE 
and group TXT (p=0.04).  Light physical activity level dropped off in group EXE, whereas in 
groups B and C it appeared to be maintained or increased slightly at 24 weeks.  There was 
little difference between groups EXT+TXT and TXT at 24 weeks.  Data are displayed as 




Table 6. 10: Mean minutes per week spent in light physical activity by group at three 
timepoints 







Light PA 12 
week mins 
mean (SD) 
Light PA 12 
weeks   
95% CI 
Light PA 24 
weeks mins  
mean (SD) 

































PA = physical activity; EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text 








PA = physical activity; EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text 
messaging only group 




➢ Mean weekly MVPA: between groups comparison  
A one-way ANOVA was conducted to determine if mean MVPA level varied between 
different groups at each time point. Data was normally distributed as assessed by Shapiro-
Wilk test (p>0.05).  The assumption of homogeneity of variances held as assessed by 
Levene’s test of homogeneity of variances (p=0.658).  Data are presented as mean and 






























Table 6. 11: Mean weekly duration for moderate-vigorous physical activity across three 
timepoints by group  
Timepoint Group N Mean 
(mins) 
SD 95% CI 
Mean weekly 
MVPA baseline 
EXE 10 113.8 69.4 55.7-171.8 
EXE+TXT 10 140.2 48.2 105.7-174.7 
TXT 10 108.7 53.0 73.1-144.4 
Mean weekly 
MVPA 12weeks 
EXE 10 126.9 60.5 76.4-177.5 
EXE+TXT 10 138.1 85.0 77.3-199.0 
TXT 10 118.2 49.1 85.2-151.2 
Mean weekly 
MVPA 24weeks 
EXE 10 136.4 63.2 83.6-189.3 
EXE+TXT 10 125.1 50.6 88.9-161.3 
TXT 10 124.4 62.4 82.5-166.4 
MVPA = moderate-vigorous physical activity; EXE = exercise group; EXE+TXT = exercise group plus text 
messaging; TXT = text messaging only group 
  
 
MVPA = moderate-vigorous physical activity; EXE = exercise group; EXE+TXT = exercise group plus text 
messaging; TXT = text messaging only group 
Figure 6. 4: Mean weekly MVPA by group across three time points  
 
Mean weekly MVPA increased over time in group EXE and group TXT  In group 
EXE+TXT, average weekly accelerometry activity increased in the first 12 weeks but 

























➢ Step count: between groups comparison  
A one-way ANOVA was conducted to determine if mean daily step count varied between 
different groups at each time point. Data was normally distributed as assessed by Shapiro-
Wilk test (p>0.05). The assumption of homogeneity of variances held as assessed by 
Levene’s test of homogeneity of variances (p=0.631).  Data are presented as mean and 
standard deviation. Confidence intervals are included.  The wide confidence intervals were 
noted and can be explained by the small sample size used.  
Table 6. 12: Mean daily step count for each group across three time points 
Timepoint Group N Mean SD 95% CI 
Mean daily step 
count baseline 
EXE 10 7926 4988.22 3756.22-12096.74 
EXE+TXT 10 9145 3599.20 6569.91-11719.32 
TXT 10 7616 2766.60 5757.24-9474.50 
Mean daily step 
count 12weeks 
EXE 10 8302 3987.52 4968.71-11636.00 
EXE+TXT 10 9212 5085.10 5574.41-12849.73 
TXT 10 8675 3278.17 6472.40-10877.01 
Mean daily step 
count 24weeks 
EXE 10 7740 2712.35 5472.76-10007.92 
EXE+TXT 10 8392 3121.14 6159.31-10624.77 
TXT 10 9285 3872.89 6683.91-11887.59 
EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 
 
 
EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 
























Average daily step count_baseline
Average daily step count_12wk






6.3.3.3 A change in self-efficacy between groups as determined by Exercise Self-Efficacy Scale (SEE) 
scores at baseline and 24 weeks 
 
➢  Self-efficacy for Exercise scale: between groups comparison 
Mean Self-efficacy for Exercise  score was slightly lower in group TXT at baseline (36.9) 
than group EXE (41.4) and group EXE+TXT (40.1) . All showed improvement on the scale 
at 24 weeks, of 6.75 points, 6.1 points and 13.1 points in groups EXE,EXE+TXT and TXT 
respectively.  For group TXT, this 13-point change on the scale from baseline to 24 weeks 
(scale range is 0-90) represented a 14% increase.  Although this is a potentially clinically 
significant finding, the small number of participants per arm limited the validity of the 
results.   
 
 
SEE = Self-efficacy for exercise; EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = 
text messaging only group 
























6.3.3.4 A change in barriers to physical activity between time points as determined by Exercise 
Benefits/Barriers Scale scores from baseline to 24 weeks 
 
➢ Exercise Benefits/Barriers Scale: between groups comparison  
The mean Exercise Benefits/Barriers Scale scores at baseline were similar for all three 
groups: 120.4, 121 and 119.5.  There was a small trend overall in improvement in Exercise 
Benefits/Barriers Scale score in all three groups over time which is not considered clinically 
meaningful.  
 
EBBS = Exercise Benefits/Barriers Scale; EXE = exercise group; EXE+TXT = exercise group plus text messaging; 
TXT = text messaging only group 
Figure 6. 7: Changes in Exercise Benefits/Barriers Scale score by group over time  
 
Across the total cohort, the three statements which showed the lowest scores at baseline were 
those related to exercise and fatigue (Table 6.13). These scores were increased by 24 weeks 
but remained low relative to the scores for other statements. 
There appeared to be a change in perception regarding exercise across the group as a whole, 
with total score for the statement ‘Exercise is hard work for me’ increasing from 63 at 

























represents a perceived reduction in barriers and/or increase in benefits. However, there did 
not appear to be increased enjoyment of engaging in physical activity across the group, as the 
total score for the statement “I enjoy exercise’ did not vary over the 24-week period.  
 
Table 6. 13: Responses to selected Exercise Benefits/Barriers Scale statements over three 
time points  
EBBS question 
number  
EBBS statement Total score for 
whole cohort at 
baseline  
Total score for 
whole cohort at 
12 weeks  
Total score for 
whole cohort at 
24 weeks 
Q1 I enjoy exercise  82 80 82 
Q6 Exercise tires me 54 53 58 
Q19 I am fatigued by 
exercise  
56 65 66 
Q40 Exercise is hard 
work for me 
63 71 74 
EBBS = Exercise Benefits/Barriers Scale; EXE = exercise group; EXE+TXT = exercise group plus text messaging; 
TXT = text messaging only group 
 
6.3.3.5 A change in motivation as determined by an improvement in the Stages of Motivational 
Readiness for Change Model  
 
Since this scale comprised ordinal data, the results were analysed using frequencies.  
Table 6. 14: Stage of change comparison between baseline, 12wk and 24wk by group 
 Group EXE Group EXE+TXT Group TXT TOTAL 
Baseline     
Pre-contemplation 0 0 1 1 
Contemplation 4 7 6 16 
Preparation 3 0 2 4 
Action 2 1 1 4 
Maintenance 1 2 2 5 
12 weeks     
Pre-contemplation 0 0 1 1 
Contemplation 3 2 2 7 
Preparation 2 1 4 5 
Action 1 3 2 6 
Maintenance 4 4 3 11 
24 weeks     
Pre-contemplation 0 0 0 0 
Contemplation 3 2 0 5 
Preparation 1 1 2 3 
Action 3 3 6 11 
Maintenance 3 4 4 11 





Stage of change was lowest in group TXT at baseline and highest in group TXT at 24 weeks.  
Both groups EXE+TXT and TXT showed a mean improvement in motivation from baseline 
to 24 weeks. 
EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 
Figure 6. 8: Stage of change by group at baseline 
 
EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 





In groups EXE+TXT and TXT, there was a greater proportion of participants in the pre-
contemplation and contemplation stage at baseline than there was for group EXE (Figure 
6.10).  By 24 weeks, there were no participants in either the pre-contemplation or 
contemplation stages in group TXT, and very few in group EXE+TXT (Figure 6.11).  In 
group EXE, although participants were no longer in the preparation stage, there were some 
who remained in the contemplation stage at 24 weeks.  
At baseline, there were 17 participants in the pre-contemplation or contemplation stage, and 
nine in the action and maintenance stages combined.  The other four participants were in the 
preparation stage. By the end of the study, there were eight participants in the contemplation 
or preparation stage, and 22 in action or maintenance stage.  Although this may represent a 
possible trend towards an improvement in readiness for exercise, given the small number of 
participants in each group, these results have limited validity and should be interpreted with 
caution. 
 
6.3.3.6 A change in sleep efficiency between time points as determined by Actigraphy at baseline and    
24 weeks   
 
Sleep efficiency is calculated as the amount of time spent asleep divided by the total time in 
bed.  It is recorded as a percentage. Data were reported as mean and standard deviation, with 
95% confidence intervals. 
Table 6. 15: Mean sleep efficiency (%) at different time points by group allocation  






Group EXE (n=10) 90.1 (4.5) 92.3 (5.5) 92.0 (4.9) 
Group EXE+TXT (n=10) 89.1 (4.9) 90.4 (4.7) 92.0 (2.8) 
Group TXT (n=10) 91. 0 (4.2) 91.3 (2.3) 91.0 (3.0) 
EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 
 
Mean sleep efficiency was similar for each group and within the normal range for all three 
groups at baseline.  There was an improvement in mean sleep efficiency of groups EXE and 








Table 6. 16: Change in sleep efficiency (%) between time periods by group   
Change in sleep efficiency T2 – T1,  
mean difference (95% CI) 
Change in sleep efficiency T3 – T1,  
mean difference (95% CI) 
GROUP EXE (n=10) 2.14 (-0.4, 4.7) GROUP EXE (n=8) 1.83 (-1.3, 4.9) 
GROUP EXE+TXT 
(n=10) 
1.25 (-0.8, 3.3) GROUP EXE+TXT 
(n=10) 
2.83 (-1.8, 7.4) 
GROUP TXT (n=10) 0.28 (-1.6, 2.2) GROUP TXT (n=10) -0.3 (-2.7, 2.1) 
EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 
 
Across all groups, the mean change in sleep efficiency over time was minimal and is not 
clinically meaningful.  
 
➢ Other trends identified in the data 
The SF-36 scale is comprised of eight subscales related to quality of life. All domains are 
scored in percentages from 0-100, with a higher score representing a better quality of life 
outcome.  
 
6.3.3.7 SF-36 between group comparisons  
 
Although some of the mean component scores for SF-36 in group EXE were reduced 
between baseline and 12 weeks most had improved to beyond baseline level at 24 weeks.  
The exceptions were physical functioning, emotional wellbeing and pain, which were slightly 
lower at 24 weeks than at baseline.  In group EXE+TXT, mean scores for all subsets 
improved between baseline and 24 weeks.  In some subsets, there was an initial reduction in 
scores between baseline and 12 weeks.  In group TXT, mean scores for all subsets improved 
between baseline and 24 weeks, although for some subsets there was an initial reduction in 












    EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 




EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 
 
































































      EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text message only group 




    EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 
 



























































All three groups showed mean increases in certain subscales of the SF-36.  The lowest scores 
at baseline for all three groups were for the energy/fatigue subscale, with mean percentage 
scores for group EXE, EXE+TXT and TXT of 35%, 38% and 30% respectively.  The biggest 
changes across all three groups were improvements in role limitations (emotional), 
energy/fatigue and social functioning.  In role limitations (emotional) the mean percentage 
changes between baseline and 24 weeks were 15%, 13% and 24% respectively in groups 
EXE, EXT+TXT and TXT.  The mean percentage changes for energy/fatigue scores were 
10%, 14% and 15% respectively across groups EXE, EXE+TXT and TXT. 
For social functioning, the mean percentage change over the same time period was 
unchanged for group EXE participants but increased by 18% and 14% for groups EXE+TXT 
and TXT respectively. 
In the general health subscale, there was an increase in mean score between baseline and 24 
weeks of 11%, 15% and 7% for groups EXE, EXE+TXT and TXT respectively. 
 
6.3.3.8 Patient Health Questionnaire 9 (PHQ-9): between group comparisons  
 
PHQ-9 scores were analysed by group between baseline and 24 weeks using paired t-tests.  
The PHQ-9 is scored from zero to 27 with a higher score representing great severity of 
depression symptoms. A reduction in PHQ-9 scores is therefore indicative of a reduction in 
depressive symptoms.  
Between baseline and 24 weeks, there was a small increase in mean PHQ-9 scores in group 
EXE from 5.5 to 6.5.  This contrasts with the two groups receiving text messages (group 
EXE+TXT and TXT) where there was a reduction in mean PHQ-9 score between baseline 
and 24 weeks of 2.5 (from 11.2 to 8.7) and 2.0 (from 8.5 to 6.5) respectively.  The reduction 
in mean score for group EXE+TXT corresponds to a change in classification of depression 
severity from moderate to mild.  However, given the small number of participants per group, 












 EXE = exercise group; EXE+TXT = exercise group plus text messaging; TXT = text messaging only group 
Figure 6. 14: Mean changes in depressive symptoms by PHQ-9 scores by group over time 
 
6.3.3.9 CPAP compared with no CPAP 
 
By the end of the study, almost half of the participants (n=14) were on CPAP.  Of those, two 
were already established CPAP users at commencement of the study, five started CPAP at the 
12-week point of the study, and seven started CPAP between the 12-week point and the end 
of the study (24 weeks). 
Key drivers in the provision of a CPAP machine were an AHI of greater than 30 indicating 
severe OSA or an AHI of 15-30 events/h indicating moderate OSA in conjunction with a 
motor vehicle accident, near miss or report of falling asleep behind the wheel.  The oxygen 
desaturation index (ODI) is the number of times per hour of sleep that blood oxygen levels 
drop three percent or more below baseline.  An ODI greater than five is considered abnormal. 
Of those on CPAP, the average AHI was 31.1 events/h (range 7.2 to 54.9) and the average 
ODI was 13.4 (range 5.3 to 38.7). 
For n=15 participants who were not on CPAP, the average AHI was 17.3 events/h (range 7.7 































started on home oxygen and two had positional OSA that was normalised when not lying in a 
supine position. 
 
➢ Demographics – CPAP v no CPAP 
 
Weight 
At baseline, the mean weight of the group who went onto use CPAP was higher than the 
mean weight of the group that did not use CPAP.  This is an unsurprising finding given the 
association between severity of OSA and weight/BMI.  Those with more severe OSA and 
higher AHI scores are more likely to meet the local Sleep Clinic’s criteria for funding CPAP 
and also more likely to be classified as obese.   
At 24 weeks, the mean weight in the CPAP group remained unchanged while the mean 
weight in the group without CPAP had fallen. 
 
Table 6. 17: Comparison between weight in those on CPAP and those not on CPAP 
Group Baseline 24 weeks 








CPAP (n=14) 104.4 (22.6) 69.5-171.5 104.4 (23.9) 67.7-171.3 
No CPAP 
(n=16) 
91.2 (24.0) 49.5-137.1 86.9 (23.9) 51.8-137.1 
CPAP = continuous positive airways pressure 
 
Age 
Despite age being a risk factor for OSA, there was little difference between mean age in the 
CPAP group (55.9) and mean age in the group without CPAP (52.5). 
 









➢ Changes in 6MWD for CPAP group compared with no CPAP group 
 
 
   CPAP = continuous positive airways pressure; 6MWD = six-minute walk distance 
Figure 6. 15: Comparison of changes in 6MWD over time between those on CPAP and those 
not on CPAP 
 
The mean 6MWD was similar between groups at baseline.  However, there was a bigger 
increase in the CPAP group between baseline and 12 weeks than in the group without CPAP.  
Both groups demonstrated an increase in 6MWD at 12 weeks, which continued at 24 weeks, 
albeit at a reduced rate.  Overall changes across the 24-week study period were similar for 
both groups with mean 6MWD at 24 weeks for the CPAP group was 522m compared with 





























➢ Sleep parameters – CPAP group compared with no CPAP group at baseline  
 
Table 6. 18: Comparison between sleep parameters in those on CPAP and not on CPAP 









Sleep Efficiency (%) 90.0 (4.3) 92.2 (3.8) 90.1 (4.6) 91.1 (3.2) 
TST (mins) 459.8 (97.0) 479.6 (55.7) 450.5 (73.6) 453.9 (67.8) 
WASO (mins) 47.8 (19.4) 42.1 (30.5) 45.0 (19.8) 42.0 (15.3) 
No of awakenings 13 (5.5) 11 (5.4) 13 (5.5) 12 (5.5) 
TST = Total sleep time; WASO = Wake after sleep onset; EXE = exercise group; EXE+TXT = exercise group plus 




The mean sleep efficiency scores for both groups were considered to be within normal range 
(≥ 88%) at baseline and 24 weeks.  There was a slight increase in sleep efficiency over time 
in both groups; the difference in sleep efficiency as recorded by accelerometry was greater in 
the CPAP group than in the group that were not on CPAP. 
 
Total sleep time (TST) 
Mean TST was slightly higher in the CPAP group at baseline. TST improved in the CPAP 
group over time but not the group without CPAP. Both groups were getting a mean total 
sleep time of 7.7 hours a night at baseline, which is considered within the recommended 
amount. At the 24-week point, there was no change in mean total sleep time for the group 
without CPAP but an increase in mean total sleep time to eight hours a night in the CPAP 
group.  This is not a clinically significant improvement; the recommendations for sleep 
duration for adults is 7-9 hours and for older adults (65+) is 7-8 hours.414 
 
Wake After Sleep Onset (WASO) 
WASO is the amount of time participants spend awake after initially falling asleep and before 
they finally awake and is, therefore, reflective of sleep fragmentation.  The lower the WASO, 
the less sleep fragmentation occurs and the better the sleep quality. 
Normal WASO should average 5% of total sleep time in 20-year olds and 15% in 60-year 





range for this sample was between and 22.5 and 67.5 minutes.  WASO in both groups was 
within this normal range both at baseline and at 24 weeks.  WASO was reduced in both 
groups over the study time period and there was no difference between groups at 24 weeks.  
 
Number of awakenings 
A high number of awakenings is also indicative of an increase in sleep fragmentation.  The 
normal level of awakenings per sleep period is considered to be between 10 and 22 and the 
number of awakenings is known to increase as a function of age. At baseline, the mean 
number of awakenings was considered within normal range and there was no difference 
between groups.  At 24 weeks, the mean number of awakenings was reduced in both groups 




                                                                                                                                                          
This study was designed to assess the feasibility of conducting a future definitive RCT of a 
text messaging intervention to support an increase in physical activity behaviour and to 
enhance self-efficacy in an adult population with OSA and from the results determine the 
requirements for development of such a trial. 
 
➢ Primary feasibility outcomes 
The primary outcomes for the feasibility study were timeframe to recruitment, study 
completion rates, feasibility of accelerometry and acceptability of the exercise class.  
 
(i) Participant recruitment 
Participant recruitment was slower than anticipated and this may be due to a number of 
reasons.  This population commonly experience symptoms including fatigue and excessive 
daytime sleepiness, potentially rendering a physical activity-based intervention unappealing.  
Additionally, recruitment via referrals from the Sleep Clinic directly may have been a sub-
optimal approach, as it was dependent on a number of personnel and also relied on potential 
participants receiving and reading the study paperwork.  An alternative strategy going 





the Sleep Clinics, with attendees who had symptoms indicative of OSA given the option to 
express interest in being involved in the study at the end of the education session.  A further 
option might be to consider strategies for recruitment that appeal to a broader range of people 
who have OSA, such as utilising social media in some way.  This would also offer the 
potential advantage of being a low cost recruitment option.415  Another option may be to 
provide some recognition of the time commitment and cost required to travel to participate in 
the study through offering financial reimbursement. Recruitment of study participants is an 
ongoing challenge in research and it is estimated that 45% of health care intervention trials 
fall short of recruiting the desired number of participants.416   There is limited literature on 
effective means of addressing this issue in intervention studies; offering financial incentives 
is one proposed option. Studies based on health surveys have shown that monetary incentives 
are a more effective strategy than non-monetary incentives.417  The key challenge is to ensure 
that when financial incentives are on offer the sample recruited remains a representative 
one.416 
Recruitment of rural participants was especially challenging since there were cost and time 
implications for the participants in attending the initial and the follow-up appointments, 
particularly if they lived more than an hour’s drive from Dunedin.  In addition to offering 
reimbursement of travel costs, another alternative would have been to source a venue local to 
the participant which would enable all assessments to be carried out in a standardised 
manner. e.g. a minimum 15 metre corridor for administering the 6MWD test..   
The dropout rate for the study was 30%, which is relatively high.  However, with regard to 
completion rates, participants who wore the accelerometer at the initial time point and 
attended the first two appointments were highly likely to complete the study.  Potential ways 
to improve study retention rates would need to be considered as part of the pre-trial 
recruitment screening process for a full study.   
 
(ii) Exercise class attendance 
Randomisation to one of the exercise class arms required a commitment to attend at a specific 
time on a specific day, which several potential participants reported was too difficult to 
manage with work and other daytime commitments.  Work commitments and lack of time are 
both commonly cited barriers to activity in the literature.217, 294, 418  This was further 





had a less than 70% attendance rate during the study period. For the study, we used a pre-
existing rehabilitation exercise class for people with long term conditions, which was 
convenient and cost-effective to the study design (but possibly not the participants).  Seeking 
more information from potential users regarding an alternative is required.  For example, a 
range of classes at different times of day via telehealth might be more acceptable in terms of 
time and cost and has been demonstrated to deliver improved outcomes in terms of muscle 
strength and endurance and quality of life in other populations, such as cardiac 
rehabilitation.419  
 
(iii) Acceptability of outcome measures  
Feasibility of study outcomes was demonstrated in terms of acceptability of text messaging 
and acceptability of the outcome measures used, including accelerometry.  Acceptability of 
text messages is discussed in Chapter 7.  Questionnaire response rates were acceptable at 
above 83% at all three data collection time points. 
 
Other outcomes 
The tests employed in the study were well tolerated by the participants.  All participants were 
able to complete both the 6MWD and 5XSTS.  One participant was unable to use the grip 
strength dynamometer due to unilateral upper limb weakness.   
In the main, the study findings showed some promise but it is acknowledged that given the 
small number of participants per group, it was not possible to draw any firm conclusions..  
However, there was an observed improvement in functional exercise capacity, self-efficacy 
levels, readiness for exercise and quality of life scores.  There was little evidence of 
improvement in FOSQ scores or sleep parameters as measured by overnight accelerometry.  
There was little change in sleep efficiency or wake after sleep onset over the 24-week study 
period, although total sleep time increased in the CPAP group by the study end point. It is 
noted that such parameters are most reliably measured using an overnight sleep study 








➢ Changes in 6MWD  
The is a lack of consensus in the literature regarding the MCID for the 6MWD, which is 
unsurprising given that it has been validated in a wide variety of clinical populations.  It is 
typically reported to be somewhere between 30 - 40m in those with health conditions.350  The 
improvement over time in all three study groups fell within this range which suggests a 
clinically significant increase in mean 6MWD. Therefore there appeared to be a trend 
towards improved functional exercise capacity irrespective of group allocation.  A small 
reduction in mean 6MWD in group EXE after 12 weeks coincided with the cessation of 
attendance at the exercise class.  Continued improvement in 6MWD in groups EXE+TXT 
and TXT may have been influenced by the role of personalisation and support in providing 
ongoing motivation, although given the small sample size this result may have been a chance 
finding.  In group EXE, functional exercise capacity appeared to increase while there was 
support through attendance at the exercise class but fell again at 24 weeks once support had 
been removed.  This observed trend is in line with the findings in the health literature where, 
despite initial improvements as a result of exercise interventions, the failure to establish 
habits results in no sustained improvement in the longer term.422  A systematic review of 
exercise interventions in older adults concluded that there was no improvement in exercise 
levels when compared with control group once the intervention had ceased, when participants 
were followed up at one year and two years post-intervention.422  In our study, where support 
continued in the form of text messaging, albeit at a reducing rate, functional exercise capacity 
continued to increase.  
It is necessary to note that while the 6MWD is a valid test in capturing change in functional 
exercise capacity in those with physical co-morbidities (27/30 of our sample), it is likely to 
exhibit a ceiling effect in those whose health is less physically impacted. This may need to be 
considered in the design of a future trial. 
 
➢ Changes in MVPA  
The average weekly time engaged in MVPA appeared to increase in groups EXE and TXT 
but fell in group EXE+TXT between enrolment and study completion at 24 weeks.  This was 
a surprising finding given the positive outcomes for groups EXE+TXT and TXT in terms of 
mean 6MWD.  However, study participants may have  increased their physical activity levels 
by a number of methods that may not necessarily have been captured by an accelerometer. 





activity even when positioned at the waist423 and that location of the accelerometer on the 
body may impact the validity of activities detected.424 
Additionally, the capture of MVPA data using cut points (Freedson (1998) parameters in our 
study) can result in wide variation in scoring of MVPA for someone falling just below the cut 
point and someone falling above just the cut-point.425  
 
➢ Changes in step count 
At baseline, step count was higher in group EXE+TXT than in group EXE and group TXT.  
All three groups had a mean daily step count of below the recommended 10,000 steps a day 
but all were within the range of 7500 – 9,999 steps a day, which is considered ‘somewhat 
active’.426  This was surprising given the presumed sedentary nature of those with OSA but, 
given the small sample size, results may have been skewed as participants included one or 
two highly active participants.  Over the first 12-week period there was a small increase in 
step count in all three groups, with the biggest increase occurring in group TXT.  This may be 
due to the fact that there was an increased awareness of daily step count recommendations 
amongst participants as step count was included in the 12-week goals for some participants.  
However, step count fell in the second half of the study in groups EXE and EXE+TXT.  
There are a number of possible factors that could account for this.  Participation at the 
exercise class stopped after 12 weeks, so subsequent motivation in these two groups may 
have been negatively affected.  In addition, some of the study participants preferred physical 
activity was cycling or water-based activity, and step count would not capture increases in 
these activities. At study completion (24 weeks), the mean daily step counts for each group 
were similar and all remained below the recommended 10,000 steps a day for demonstrable 
health benefits.426,401, 426 
 
➢ Changes in self-efficacy as evidenced by changes in the Self-Efficacy for Exercise 
scale (SEE)  
In our study findings, there was an increase in Self-efficacy for Exercise scores within each 
group across the 24-week time period; a higher Self-efficacy for Exercise score corresponds 
to greater self-efficacy for exercise.  The study findings suggest that both exercise class 
attendance and text messaging supported an increase in exercise self-efficacy.  The greatest 





fact that this group without access to an exercise class this group had to develop their own 
self-management strategies from the beginning of the study which may have allowed for 
more established self-efficacy by study completion.  The person-centred components of our 
study - problem-solving around removing barriers to activity, tailored advice on how to get 
started, personalised goal setting and ongoing personalised support via the exercise class 
and/or text messaging - may all have contributed to the increase in self-efficacy observed 
across all groups.   Other studies have highlighted that need for tailored support to assist 
participants to increase their physical activity levels.294   
Self-efficacy is widely recognised as a vital component in the maintenance of long-term 
physical activity behaviour.241,282, 296  Interventions that include feedback on performance, or 
feedback on performance in relation to others’ performance, have been noted to produce the 
highest rates of self-efficacy.282  
However, the key influences on self-efficacy remain unclear. It has been argued that social 
support, previous physical activity behaviour and the value an individual places on physical 
activity are all determinants of self-efficacy.241  The perceived value of exercise is likely to be 
defined differently by different individuals and there are currently no validated scales 
measuring the ‘value’ of exercise.  The development of such a scale might be a consideration 
for future research.   
 
➢ Changes in barriers to activity as evidenced by changes in Exercise Barriers/Benefits Scale 
over time 
Despite the apparent trend in self-efficacy, there was little difference in perceived benefits or 
barriers to activity over time for any group as evidenced by Exercise Barriers/Benefits Scale 
scores. Both the text messaging groups showed a small increase in Exercise Barriers/Benefits 
Scale scores over time between baseline and 24 weeks but not the exercise only group.  This 
small degree of change may be explained in part by the fact that the scale is exercise specific 
and our study was focused on physical activity, of which exercise is a subset.427  Participants 
may not have regarded change in their physical activity behaviour as being ‘exercise’.  
Therefore, this may not have been the most appropriate scale to capture barriers/benefits. 
Although total mean scores showed small changes over time, the responses to certain 
statements within the Exercise Barriers/Benefits Scale might be worth further consideration.  





exercise in terms of fatigue or tiredness.  Mean scores for all three statements across the total 
cohort increased by the end of the study period, suggesting that, despite the common 
symptoms of OSA such as fatigue and excessive daytime sleepiness, exercise helped reduce 
these symptoms. It has previously been suggested that regular mild to moderate levels of 
physical activity are significantly correlated with wellbeing and perception of energy 
levels.151  A systematic review and meta-analysis published in 2016 concluded that physical 
activity interventions in the population with OSA were associated with a reduction in ESS 
score, which is a measure of excessive daytime sleepiness.132  Furthermore, a network meta-
analysis of 80 randomised controlled trials, published in 2017, concluded that the effect of 
exercise training on excessive daytime sleepiness was comparable to that of CPAP.160 
 
➢ Changes in motivation as evidenced by increases in Stage of Motivational 
Readiness for Change over time 
The Stage of Change model proposes that behaviour change results from progression through 
various stages of readiness for action and considers the individual’s stage of change relative 
to engagement in regular exercise or physical activity.278  A higher stage of change indicates 
more established engagement in regular exercise.  A mean improvement in Stage of Change 
scores between baseline and 24 weeks was observed in all three groups.  This trend suggests 
a move towards being more engaged in regular exercise over the duration of the study period.  
Improvements in stage of change appeared to be greatest in group EXE+TXT and group 
TXT.  By the 24-week time point, groups EXE+TXT and group TXT had 70% and 83% of 
their respective groups in either the action or maintenance stage, indicating that a physical 
activity habit had become established; this compared with 63% of group EXE.  Motivational 
text messaging may therefore, offer a means to support greater readiness for engagement in 
regular exercise.  A study by Smith et al. concluded that stage of change was a useful and 
statistically significant measure of intentions regarding physical activity behaviour; those 
who reported being physically active were more likely to be in the action or maintenance 
stage of change.314  However, their study findings are limited by the fact that the information 
on physical activity behaviour relied only on self-report.  Another qualitative study of adults 
with OSA, discovered that 50% of the cohort (n=15) lack a personal incentive to becoming 
physically active and highlighted the importance of the individual’s perceived capability and 
belief that they can undertake the necessary behaviours to achieve the desired outcome.428  





at al288 and its three interacting components – capability, opportunity and motivation - all of 
which can be influenced.  In our study we sought to focus on motivation through the 
provision of text messages but also influenced opportunity for some participants in terms of 
access to the exercise class access and a health professional.       
This highlights the importance of exploring the individual’s expectations, values and previous 
physical activity experiences in developing an appropriate intervention. 
 
➢ Changes in sleep efficiency  
Exercise has been demonstrated to improve sleep efficiency in the population with OSA.  In a 
supervised aerobic and resistance exercise intervention four times a week for 12 weeks, a 
statistically significant difference (p<0.05) was detected in sleep efficiency post-intervention 
between the exercise group and the stretching group as the control.124   
Analysis of sleep changes in our study was confounded by the fact that some participants 
commenced on CPAP during the study period. CPAP is well established as a therapy for 
improving sleep efficiency.429  CPAP is known to reduce energy expenditure at night and 
reduce feelings of fatigue and excessive daytime sleepiness.430  A study using actigraphy to 
compare changes in sleep parameters at baseline (prior to commencing CPAP) and after three 
months of CPAP therapy found that there were improvements in sleep efficiency and wake 
after sleep onset at three months.431  In our study, data analysis comparing the CPAP group 
with the no CPAP group found a greater improvement in mean sleep efficiency in the CPAP 
group and improvements in WASO within both groups over time but no differences in 
WASO between groups at 24 weeks.    
Although the dates for participants commencing CPAP were noted, successful treatment 
outcomes with CPAP can be impacted by low rates of nightly compliance, mask leaks and 
motivation.432  Our study did not obtain data on the number of CPAP adjustments required, 
levels of compliance with CPAP therapy or the typical number of hours participants used 
their machines overnight, so it is uncertain whether all were obtaining maximum benefits.  
This is something that could be included in a future study given that newer CPAP machines 
provide downloadable CPAP compliance data. 
It is commonly assumed that CPAP usage 4 hours a night for 70% of the time is the minimum 





regarding the optimal number of hours for using CPAP therapy.  The existing literature 
estimates it at between four and seven hours a night.434  It is also known that compliance with 
CPAP tends to be reduced in those with less severe OSA435 and that depression may 
influence CPAP compliance.436  Therefore, it is difficult to discern whether sleep-related 
changes observed in our study were influenced by CPAP usage or not.  
 
➢ Changes in SF-36 
In group EXE, quality of life scores appeared to drop between baseline and 12 weeks, 
perhaps due to the perception of exercise being hard once this group started attending the 
exercise class.  Between 12 weeks and 24 weeks there was a trend towards improved scores 
across all domains in group EXE, which may be due to a number of reasons.  The perceived 
benefits of being more physically active many have become apparent at 12 weeks if an 
exercise habit had been established.  Taking control of one’s own health and remaining an 
active and contributing family member are both factors which appear to increase the 
perceived benefit of physical activity.437  These findings are echoed in the qualitative 
component of our study (Chapter 7). The observed increase in exercise self-efficacy in our 
study may also have positively impacted quality of life. Higher self-efficacy has been noted 
to positively impact quality of life in a population with multi-morbidity438 although the 
relationship has not been examined in a population with OSA. 
In both groups EXE+TXT and TXT there was a trend towards mean increases in all subscales 
between baseline and 24 weeks.  Interestingly, one of the biggest changes in subscale over 
time was energy/fatigue with all three groups showing an improvement in mean scores 
between baseline and 24 weeks.  This is particularly interesting since this was the lowest 
scoring subscale for all three groups at baseline. Epidemiological studies in the general 
population demonstrate a 35% reduction in feelings of energy and fatigue in those who are 
physically active when compared with sedentary controls439 although physical activity was 
predominantly determined by self-reported questionnaires in this study.  Other studies have 
found significant improvements in fatigue levels in those with OSA following an exercise 
intervention.153,133, 151     
A 5% change on the general health subscale is considered to represent a MCID.386  In our 
study, there were observed improvements in the general health subscale of 11%, 15% and 7% 





meaningful changes in general health  However, given the small sample size, these changes 
could also have occurred by chance. 
Our findings also showed a trend towards a reduced impact of pain in groups EXE+TXT and 
TXT over time.  The most commonly reported source of pain in our cohort was from some 
form of arthritis, such as osteoarthritis or gout (n=9), or low back pain (n=4).  Pain is 
commonly identified as a barrier to activity, particularly in the population with obesity440 and 
associated low perceived physical abilities represent an additional barrier.215  There is 
evidence that physical activity can be effective in mediating pain perception but this is 
beyond the scope of our study. 
 
➢ Changes in PHQ-9 
The PHQ-9, which screens for depressive symptoms, showed mean improvements between 
baseline and 24 weeks for both groups EXE+TXT and TXT but not for group EXE.  
Although a detectable difference was observed in both the groups receiving text messages, 
neither showed a mean reduction in score of 5 or greater, so this was not considered clinically 
significant.383  
A reduction in depressive symptoms and improvement in emotional health can be an effect of 
increasing exercise levels. Exercise is known to have a positive impact on depressive 
symptoms in the general population, with a 2013 Cochrane review indicated that exercise had 
a moderate clinical effect on depressive symptoms.83  A randomised controlled experimental 
study, published in 2012, concluded that the exercise intervention group showed a significant 
reduction in depressive symptoms in adults with OSA as measured by The Centre for 
Epidemiological Studies-Depression Scale.153  More recently, an RCT involving adults with 
untreated OSA in an eight week endurance and resistance exercise programme highlighted 
significant reductions in depressive symptoms, as determined by the Hospital Anxiety and 
Depression scale, when compared with the control group.35 Additionally, qualitative studies 
have demonstrated that participants report an increased feeling of wellbeing and positive 
mental health effects following a physical activity intervention.294  Our study results may also 
have been influenced by the personalised text messaging support and not just a result of an 
increase in physical activity behaviour, since the reduction in PHQ-9 scores was greatest in 





enhanced support of both physical and emotional health.  However, a larger statistically 
powered trial would be necessary to confirm these preliminary findings. 
 
6.5 Limitations of the study 
 
A major limitation of this study was the small sample size and, within that, the inclusion of 
three groups.  The small number of participants in each group undermined the internal 
validity of the study and any trends observed in the data may have been as a result of chance.  
This was further impacted by the high attrition rate of 30%.  Furthermore, having three 
groups within the study and undertaking multiple subgroup analyses would have increased 
the risk of type I error.  Allocation of all rural participants to the text messaging group further 
undermined the internal validity of the study due to the lack of randomisation.  
Another limitation of the study was the timeframe for recruitment. This would need to be 
addressed in conducting a larger trial.  Providing financial recompense for participants’ time 
is a well-established method which has been successfully used to boost recruitment in other 
trials.   
Due to the inconsistency of participants completing and/or returning their sleep diaries, it was 
not possible to accurately calculate changes in sleep latency over time.  One solution might 
have been to extend the text messaging component of the study to include timed prompts in 
the evening that serve as a reminder to fill in the sleep diary. 
Lack of use of an exercise diary was a limitation which prevented measurement of adherence 
to the home strengthening programme. 
The fact that some participants commenced CPAP may have been a confounder to physical 
activity levels which was not controlled for in the study.  However, it is worth noting that 
studies have demonstrated that starting on CPAP does not automatically result in increased 
physical activity levels.19, 104  
 
6.6 Calculation of sample size for a future RCT 
 
Estimated population of adults with OSA in Dunedin (based on prevalence of 4% of males 





Confidence interval = 95%; z-score = 1.96 
Standard deviation = 0.5  
Margin of error = 5% 
Sample size = 341 plus allowance for dropout rate of 30%  Total sample size = 443 
 
6.7 Future implications  
 
Development of more sophisticated algorithm that takes account of readiness for exercise, 
self-efficacy for exercise, personal motivators and personalisation could further support 
physical activity behaviour change in the population with OSA. It would enable improved 




Exercise as an adjunctive treatment in OSA is being gaining increasing consideration, given 
the mounting evidence that it can improve AHI, enhance well-being and potentially reduce 
risk factors for other chronic conditions. A clear need exists for trials aimed at improving 
physical activity in patients with OSA, given the common co-existence of hypertension, CVD 
and T2DM in this population.  Even modest increases in physical activity could reduce 
associated health risks. However, the action of becoming more physically active is not 
straightforward in a population already managing fatigue and excessive daytime sleepiness. 
Numerous barriers exist. A tailored telehealth intervention, which aims to increase self-
efficacy and support the individual’s needs, shows promise as a management option.  Our 
preliminary study findings indicate that a text messaging intervention may offer a potential 
option to support physical activity uptake in the population with OSA.  There was a number 
of promising trends in those groups receiving text messages, including increased functional 
exercise capacity and improvements in self-efficacy, readiness for change and quality of life 
indices over time. It is important to note that this feasibility study was not powered to 
ascertain statistically significant differences between groups.  Although the use of text 
messaging appears acceptable, the other outcomes of the study should be interpreted with 
caution, as any perceived trends may be the result of chance, given the small number of 
participants involved.  Before any conclusions can be drawn, a larger scale trial, that takes 










Conducting qualitative research alongside an intervention study can improve external validity 
and help develop an understanding of the study strengths and limitations from the patients’ 
perspective.441  
Lack of motivation appears to be a common barrier to physical activity in the population with 
OSA and motivation may be linked to self-efficacy. This has been demonstrated in a study 
undertaken by Klompstra et al. that explored the relationship between motivation, self-
efficacy and physical activity in 100 patients with heart failure.  They concluded that 
motivation alone was insufficient to increase physical activity; a high level of self-efficacy 
was also necessary.290   Our feasibility  study  included a measure of exercise self-efficacy. 
Of particular interest is whether a Changes in self-efficacy may be associated with a change 
in participants’ attitudes and perceptions towards physical activity as reported by O’Cathain 






The intervention study described in Chapter 6 was designed to establish the feasibility of a 
text messaging intervention to increase physical activity behaviour and enhance self-efficacy 
in an adult population with OSA. The aim of the qualitative study described in this chapter 
was to investigate participants’ perceptions of the intervention undertaken at the end of the 
study in the previous chapter.  
Following completion of the intervention study, all participants (n=21) were invited to 
participate in a semi-structured exit interview over the telephone.  Each interview was 
conducted within two weeks of the completion date of the intervention study.  Interviews 
lasted approximately 15 minutes and were audio-recorded then transcribed verbatim by a 






7.2.2 Ethical approval 
 
Ethical approval was sought from the New Zealand Health and Disability Ethics Committee 
(HDEC) in the same ethics application as the intervention study (Chapter 6) and was obtained 
on 19th July 2017. [Ethics number: 17/STH/105]. 
7.2.3 Study design 
 
Three sets of interview questions were developed.  Set 1 was used for participants who had 
been randomised to the exercise only group (group EXE) [Appendix 47] and included 
questions regarding the exercise class and motivation to exercise. Set 2 was for those who 
had only received text messages as part of the intervention study (group TXT) [Appendix 48] 
and investigated participants’ views on various aspects of the text messaging and motivation 
to exercise. For those who were in the exercise and texts group (group EXE+TXT), the 
questions from Sets 1 and 2 were combined into Set 3 for a longer interview [Appendix 49]. 
7.2.4 Theoretical approach to qualitative analysis  
 
A post-positive approach to analysis was adopted with acknowledgement of subjectivity, 
acceptance of multiple realities and recognition of the researcher as having influence within 
the research process.  The researcher (SR) worked within a conceptual framework, which was 
shaped by her own epistemological assumptions and this informed and influenced her 
research perspective. 
7.2.5 Data collection  
 
In total, 17 interviews were conducted by telephone.  Three participants opted not to do the 
phone interview owing to being too busy; one could not be contacted at the appointed 
interview time and declined to reschedule.  The interviews were carried out by the researcher 
(SR) and recorded using a standardised recording device (Sony Digital Flash Voice Recorder, 
model ICD-UX523F). Participants were encouraged to speak freely. Although an interview 
script was used as a starting point for each interview, an emergent design approach442 was 
followed to allow for flexibility, with unscripted questions being asked in follow-up to some 
answers. This ensured there was potential to obtain richer and more detailed material. For this 
reason, the interviews were all carried out by the primary researcher, who was familiar with 
the intervention study and thus also with the participants.  All recordings were transcribed 





analysed using Braun and Clarke’s thematic analysis443 and their 15-point checklist was used 
to ensure rigour in the analysis process [Appendix 50]. 
Initially, the process of familiarisation was used to ascertain a detailed knowledge of the raw 
data.  Transcripts were read and re-read multiple times.  The thematic analysis followed an 
iterative process, with codes identified first from each data item and then across the entire 
data set.  The coded data were then grouped into identified themes, and in most cases, 
grouped into sub-themes within those themes. 
Initially, 148 codes were identified, and these were loosely grouped into 26 themes.  These 
codes were reviewed by the primary researcher and some codes were removed/added to other 
themes.  Initially, 23 codes were put into a miscellaneous theme and were reviewed at a later 
date once themes had been refined.  Of these codes, 20 were able to be included in an existing 
theme; two were added to a new theme and one was discarded. Similar themes were 
collapsed into each other, initially reducing the number of themes to 22.  Sub-themes were 
generated in some cases.  Each coded extract was revisited within the context of the theme it 
had been assigned to, to ascertain whether a coherent pattern existed between the codes.    
Where there were clear similarities between the coded extracts within different themes, new 
broader themes were developed to encompass the different sets of codes.  Through this 
process, the number of themes was further reduced to eight as similar concepts were 
combined together or collapsed into another theme.  When the narrative outline was being 
established, two more themes were combined, and one other theme was split into two distinct 
themes, resulting in a final total of eight themes (Table 7.1).  Finally, themes were rechecked 
against the original data set. 
 
Table 7. 1: Themes derived from exit interview data analysis 
 
Theme 1 – Exercise 
Theme 2 – Impact of texts 
Theme 3 – Content and delivery of texts 
Theme 4 – Motivation  
Theme 5 – Connection  
Theme 6 – Barriers and enablers 
Theme 7 – Self-management 








7.3.1 Theme 1: Exercise as worthwhile  
 
Within this theme, there was a realisation or acknowledgement that exercise was worthwhile 
in terms of the positive feelings it elicited, the benefits to both physical and mental health, 
and an increased awareness of the message that physical activity was important. 
 
➢ Sub-theme 1.1: Recognition of the effects of exercise 
 
Despite only a small increase in the perceptions of barriers and benefits to exercise (based on 
EBBS scores at 24 weeks) in both groups receiving text messages (Chapter 6, section 6.3), 
one of the consistent themes raised was recognition of the benefits of being active.  Benefits 
mentioned included feelings in the immediate post-exercise phase, the longer-term physical 
benefits of strength and conditioning, and the positive effect on mental health.  This was of 
particular interest since the intervention study results did not reflect a change in exercise 
perception in terms of scores for the EBBS.  Changes in exercise perception were, however, 
reflected in terms of increased readiness for exercise in our intervention study.  Neupert et al. 
have shown that where the experience of being active is a positive one, this can result in the 
development of positive beliefs about physical activity, which in turn can be a predictor of 
long-term maintenance of physical activity behaviour.296  This concept is linked to Bandura’s 
social cognitive theory, where the repeated experience of being active results in positive 
feelings, and thus can shape outcome expectations about future exercise.236  The resultant 
higher outcome expectations in a group of 321 middle-aged and older adults (aged 50 years 
plus) in a study by White et al. were linked to increased engagement in physical activity.281  
This finding is in line with the assertion that an individual’s previous physical activity 
experience is a determinant of their present physical activity behaviour.444  Within our 
intervention study, although individuals’ previous physical activity behaviour was discussed 
at baseline it was not objective assessed.  Therefore, the link between past physical activity 








(a) Feelings immediately after exercise  
Some participants acknowledged that exercising made them tired, or that they sometimes did 
not feel like being active.  Despite this, the positive feelings they experienced after 
completing an exercise session, appeared to be a powerful motivator for some.  This 
perceived change in energy levels is captured by the mean SF-36 scores for the subscale of 
energy/fatigue, which increased over the study duration for all three groups (Chapter 6, 
section 6.3). 
Table 7. 2: Quotations from participants on their feelings immediately after exercise 
Participant Quotations 
Participant 1 I think what motivates me more is just how I feel afterwards although I get really 
fatigued afterwards but I feel good that I’ve gotten out and done something. I like 
how I feel after doing it. 
 
Participant 2 Ah, yeah, the dog, walking….. So, I get straight out of bed, and go for a half-hour 
walk, you know, it’s hard; by the time I come back up, I’m feeling good. I enjoyed 
that feeling of being exhausted! 
 
Participant 3 Once I found the gym, and the physio guys, they added up to, made up a programme 
for me, that I could do and still breathe OK.  And feel good to go home at the end of 
it. It’s awesome. 
 
There was also acknowledgement of exercise eliciting more than one sensation. For example, 
one participant reported that exercise fatigued them but, in spite of that, it made them’ feel 
good’; another indicated it would ‘feel effortful’ to get started but they reported feeling better 
after exercise.  This suggests the reward was worth the effort. Sniehotta et al. have shown that 
positive feelings post-exercise can be a predictor of future exercise behaviour and can 
positively influence the intention-behaviour gap.339  The experience can help strengthen the 
intention to continue with that physical activity behaviour in the future.319 
 
(b) Perceived benefits of exercise  
Several of the study participants highlighted their perceptions regarding the benefits of being 
active; these perceived benefits varied between individuals, but all related to feeling stronger, 





It is known that an increase in outcome expectations from exercise can be influenced by 
improved perceptions of the benefits of physical activity.281  This may be explained through 
having a greater knowledge or awareness.  Smith et al., using the Transtheoretical Model of 
Behaviour Change, argued that where perceived benefits outweigh the perceived costs of 
exercise an improvement in the stage of change readiness for exercise will occur.314 It has 
also been shown that the perception that exercise will improve physical well-being is an 
important motivator in older individuals.296  
 





Feeling stronger  I did feel stronger while I was doing the class, you know, it was good,  
good to feel the muscles working.  Participant 2  
 
Better aerobic fitness  
 
I have found that I just, everything that, my cardio-vascular exercise is a  
wee bit easier. Participant 1 
 
I mean I think my fitness has increased. Participant 12 
 
Yep and I was walking downtown, I had to walk several blocks and then  
I had to walk up a flight of stairs and I wasn’t winded. Participant 14 
 




levels/being able to 
achieve more 
Yeah. I had the energy to manage it [looking after all 4 grandkids]. You  
know, which was awesome. Participant 3 
 
During that, this whole study, my general health improved.  I felt a lot  
fitter, more energetic and I enjoyed being where I was, and I don’t want  
to let it go.  I want to keep feeling like that now. Participant 4    
 
So, I just had a really, thoroughly 3 or 4 hours in the garden.  I couldn’t 
have done that 12 months ago. Maybe even 6 months ago.  I might’ve 
done it for a couple of hours, but not for a whole morning. Participant 3 
 
What I’ve felt really good about is being able to go for a walk… with my  
daughter and her children.  And/or with anybody else, or with nobody,  
and not be afraid of going uphill because that’s all there is out here.  
Participant 6 
 
Feeling better in 
general 







Yep. [Maintaining good health] That is the main thing…both physically  
and mentally. Participant 5 
 
You know, it’s just given me so much, um, it’s given me a bit of self-esteem.  
Participant 7 
 
Just a feeling of wellbeing that results from keeping reasonable active 
and physically fit. Participant 7 
 
Yeah, um, pretty good. I felt I was doing something positive myself….yeah  
they made me feel pretty good about myself, about what I was doing.  
Participant 8 
 
For me it’s pretty much purely mood.  I just wanna feel better, just it’s all  
about, oh just handling, just handling life better I guess.  Yeah just  
improvement in mood. Participant 11 
 
Very clearly my mental wellbeing is much better when I get out and  
exercise. Participant 17 
 
The benefits of physical activity on physical health are well established. For example, Hong 
and Dimsdale, in their study of perceptions of energy and fatigue in those with OSA, upheld 
the notion of having more energy from being more active.151  Although there was awareness 
of increased strength and aerobic fitness in our intervention study, participants’ perceived 
benefits were not limited to physical ones.  There were benefits in terms of higher energy 
levels which enabled greater engagement in other aspects of life, such as family-focused 
activities or functional activities they had previously struggled with (Table 7.3).  
There is increasing evidence of the benefits of physical activity on mental health in OSA, in 
particular a reduction of fatigue,151 a reduction in depressive symptoms35 and improvements 
in self-esteem. This was acknowledged by some participants in terms of improved wellbeing, 
the ability to handle life better and not being afraid to tackle something active (Table 7.3). 
 
➢ Sub-theme 1.2: Enjoyment of physical activity  
 
Motivation can be intrinsic, where the individual derives enjoyment or satisfaction from the 
action itself or it can be extrinsic, where motivation is provided by an external stimulus.239 
For some participants, enjoyment was a key part of what they were doing (Table 7.4); 
exercise became an enjoyable activity, thereby developing their intrinsic motivation.  
Evidence suggests that where there is intrinsic motivation, once the external stimulus is 





strong determinant of uptake of physical activity.234  Promoting physical activity that is 
enjoyable to the individual may, therefore, be a factor in the development of intrinsic 
motivation to support a sustainable change in physical activity habits. 
There was also evidence of pleasure in anticipation, with some participants expressing that 
they were looking forward to future physical activity.  
 
Table 7. 4: Quotations regarding participants’ enjoyment of physical activity 
Participant Quotations 
Participant 8 I just liked it so much, I just liked walking, I just like pushing myself. 
Participant 3 And I spent the whole morning in the garden, and the following morning…..  
Thoroughly enjoyed myself on my own for about 3 or 4 hours. 
Participant 3 Cause I really loved it.  I actually look forward, I mean, I finish 5 nights at work, at 
7am on a Wednesday morning, and the gym’s not till 10.30, and I look forward to 
going to it 
Participant 2 Because, you know, I do enjoy the, you know, I enjoyed the rowing, and the cycling 
Participant 
12 
You completely zone out and you know, the rhythm becomes the only thing that 
you’re aware of. 
Participant 
16 
Um...I just really enjoyed my time. I don't think I was going to as much as I have 
Participant 6 Because, after a while, when I was being more active, I was looking forward to 
being more active myself 
 
 
➢ Sub-theme 1.3: Greater awareness of the importance of physical activity/exercise 
 
Participants felt they had a greater awareness of the importance of exercise in terms of the 
health benefits it afforded (Table 7.5). This might have been through the experience of 
positively engaging in exercise or through the educational input received during their time as 
participants in the study.   
A systematic review by Kelly et al., published in 2016, identified lack of knowledge as a 
barrier to engagement in physical activity234; and involvement in a physical activity 
programme which incorporates an educational component has been shown to increase both 
exercise self-efficacy and physical activity levels.281  One study of 80 patients with type 2 
diabetes, demonstrated that patient education, delivered in two 45 minute face-to-face group 
sessions, significantly improved self-efficacy scores (p=0.01) and resulted in the intervention 
group walking for >30 minutes more regularly (p=0.04).445  A quasi-experimental 





behaviour in 60 healthy male participants aged 20-57 years.446  The authors’ concluded that 
delivery of educational content, through a combination of lectures, training workshops, group 
discussion and educational booklets, resulted in a significant improvement in physical 
capacity as measured by cycle ergometer (p=0.016) and self-efficacy scores (p<0.001).446   
Table 7. 5: Quotations on participants’ increased awareness of importance of exercise 
Participant Quotations 
Participant 2 It gave me a perspective on fitness, um, which, I guess, I may have known, but, um, I 
just think of that time, it was really good for me to have some physical fitness going 
on, and some ideas and goals around fitness. 
Participant 7   I, it made me, ah, feel more aware of the, ah, health benefits of keeping active, um, 
that it was all also part of the work being done on sleep apnoea. 
Participant 8 Yep, um, well it just reminded me to get out there. Ten minutes is better than 




Even if I didn’t like the text, it was a reminder of the importance of doing exercise. 
 
 
7.3.2 Theme 2: Impact of texts 
 
This theme explored the positive and negative impacts of text messages received by 
participants in groups EXE+TXT and TXT.  The subthemes included texts as a reminder to 
be active; the emotions evoked by receiving text; and feelings when texts stopped.  The 
feedback regarding the text messages was predominantly positive with most participants 
welcoming the texts and reporting they served as a nudge or additional motivator to do 
physical activity.  
➢ Sub-theme 2.1: Texts keeping physical activity at the front of people’s minds  
 
Participants felt one of the key benefits of the text messaging was that it kept physical activity 
in the forefront of their minds and the texts served as a reminder or prompt to do something 
active (Table 7.6).  They reported on their heightened awareness of the need to exercise, texts 
making them consciously think about being physically active, and how this was reflected in 
choices they made. For example, taking the dog to the beach rather than choosing to sit in 
front of the television (Table 7.6).  In a study by Godino et al. they surveyed 453 people 
regarding their typical weekly physical activity habits whilst also recording seven days of 
accelerometry data.447  They found that 57% of those surveyed were classed as inactive and, 





activity. One reason for low levels of physical activity suggested by the authors was that 
individuals in their study were unaware of their current inadequate physical activity habits 
and therefore have no perceived need to make changes.447  Thus, raising awareness of 
physical activity and promoting it as a daily consideration, through text messaging, may be 
one way to effectively support physical activity behaviour change. 
 




Participant 1  …it made me consciously think about what I was doing.  And what I wasn’t 
doing. 
   
Participant 2 It made you aware, or made myself aware that, you know, exercise is good for 
you, and you need to keep doing it. 
 
Participant 7 Greater awareness, I think, of, of the need to do it. 
 
Participant 10 Um, just, like, made me think about exercising. 
 
Participant 9 It was just that, that it’s not just completely pushed aside from my point of view, 
um, that it did raise it with me, that ok, c’mon you need to be doing exercise. 
 
Participant 12 Just the fact of getting a text whether I liked it or not reminded me about the 
importance of exercise. 
 
Participant 13 It just puts it in your mind to remember or, it’s the back of your mind you need to 
do something kind of thing. 
 
Participant 15 I was actually getting out for more walks and taking the dog to the beach and 
actually thinking about doing these things rather than going oh no, look I think 
I’ll sit in front of the TV for another afternoon/half an hour. 
 
 
➢ Sub-theme 2.2: Texts as a nudge 
 
One aim of the intervention study was to explore motivation to support increased levels of 
physical activity through texting that was individualised for each participant. Results from the 
study showed that for some participants the texting was a sufficient nudge to have a positive 
effect by influencing decisions to be physically active. 
Some participants acknowledged the fact that, on those days when they were undecided about 





and made the difference between them undertaking physical activity or not.  Additionally, 
when the weather was unpleasant, the nudge guarded against being put off from going 
outside. 
Where participants were not inclined to consider doing something active, the text messaging 
sometimes served to encourage them to undertake physical activity when they would not 
have considered it otherwise.  It provided a continued means of extrinsic motivation (Table 
7.7).  
For others, the nudge came from a reminder about goals set in the initial meeting for the 
study, or activities that were discussed with the researcher at that time. Goal setting is well 
established as an effective behaviour change technique284 and has been successfully 
employed in other studies.448 
Some of those participants who had established physical activity habits over the time of the 
study still valued receiving the text messages until the study ended.  Reasons given were that 
they provided a reminder to continue with what they were doing and served to reinforce their 
existing behaviour to exercise.  
 
Table 7. 7: Quotations about text messages as a nudge 
Topic Quotations 
Texts as a nudge when 
undecided 
Like, I’d, you know, I’d be like,“ugh, do I really want to go for a walk?”  
And then I’d get a text, and I’d be like, “yeah, I suppose I’ll go for a 
walk.” Participant 10 
 
On days when I, you know, wasn’t that motivated, it was like “Whoops,  
oh yes, gosh” I’ve got a little reminder, yeah, ok, go and do it.  
Participant 8 
 
If I was 50/50 about a day and I would get a text message that would  
be the little push I needed to get up and get out, if that makes sense?  
Participant 16 
 
They just reminded me of things I wanted to do, things we discussed  
at, you know, I like doing.  And they just reminded me, you know, you’re  
not going to do it sitting here.  So, yeah, it’s a good reminder, you  
know… some of the things I would’ve thought, you know, it’s a nice day  
like this, I wouldn’t have thought of playing golf until I got a message…  
“oh, yeah, why not?” Participant 4 
 
Texts as a reminder  Ah reminding me to, you know, just feel like walking to the shop  
instead of um taking the car, which I always did and little things like  






Yeah. Yeah, they got me motivated. And, um, yeah, reminded me what,  
you know, our discussions at the clinic and that were. Participant 4 
 
Probably just a reminder that I still needed to do it, otherwise you  
know, that I, that I had kind of wanted to do more exercise, so they  
were a reminder that hey, c’mon, you know, you did say that you  
were gonna get a bit more exercise in so, you know,…Participant 9 
 
They served as both a good prompt, you know a good reminder and  
they probably made me more committed, they made me think about  
you know, yes I do need to do this exercise,… Participant 12 
 
Ah, they were useful. They just gave me more motivation, you know,  
reminding me constantly that it's something that I can work towards  
and they were a good tool to help. Participant 16 
 
… just reminding me of things that, you know, I could be doing on a day  
like this.  Yeah, just get out there and do it. And I think that’s probably  
the best thing about the whole lot. They just reminded me what we  
discussed and, um, yeah, just, they motivated me to get out and do it,  
…instead of just sitting around the house. Participant 4 
 
Texts as a nudge in poor   
weather  
Yip, well they certainly did. They motivated me to keep going. Um, you  
know, even, on days when I sort of, if the weather was a bit iffy, I could  
be easily put off. In the beginning, anything could put me off actually,  
you know, whether um too hot, too cold, wet, windy, um [laugh], they  
just encouraged me to you know, to sort of get out there, um, and  
overcome this. Participant 8 
 
Texts reinforcing habits For me it was just that constant positive reinforcement or reminder to  
continue with the habit that I had established so it just helped.  
Participant 16 
Texts as a kick start to 
exercise (external 
motivation) 
Certainly in the beginning, it wasn’t, just wasn’t, yeah, wasn’t um even  
on my radar. So it was a brilliant reminder to, you know, and a  
motivator I have to say, to um, to just do it, you know, just get out and  
do it. Participant 8  
 
Um, well they were actually invaluable because it sort of got me  
going and um, sometimes I wouldn’t even think about it until I got the  
text and yeah, no they were just invaluable, um ‘cause if walking  
wasn’t part of my days or you know, part of what I did, and um, and it  
just reminded me if nothing else. Participant 8 
 
Yeah they just reminded me you’re in a study and just remember after  
work or whatever, it just puts it in your mind to remember or, it’s the  
back of your mind you need to do something kind of thing. Participant  
13 
 
I think they just keep me on point, you know made me think, no, I really  





➢ Sub-theme 2.3: Impact of texts over time 
 
The impact of texts appeared to change over the duration of the study but that impact varied 
between individuals. Some participants reported that the texts had the greatest impact at 
initial entry to the study.  For some of these people, the perceived effectiveness of the 
messages was reduced over time, either because the novelty wore off or because the texts 
were no longer necessary to support physical activity behaviour (since it was now well 
established).  For others, the effectiveness wore off because of barriers to activity, such as 
work commitments.  Conversely, some participants found the texts had little effect initially 
and that they did not engage with them at this stage and found the texts easy to delete or 
ignore.  However, for some of these participants the texts appeared to provide more benefit as 
the study progressed (Table 7.8). 
 
Our findings were not wholly consistent with previous research. The systematic review by 
Head et al. suggests that text messages sent at a variable frequency and a reducing rate over 
time were most effective at supporting a change in behaviour.259  Other findings of our study 
highlighted the necessity to accommodate the needs of each individual by responding flexibly  
within a text messaging framework.  For some, alert fatigue may occur earlier than for others,  
resulting in little or no engagement with messages received and therefore such texts had less  
impact. 
 
Table 7. 8: Quotations regarding the initial impact of texts 
Topic Quotations 
Texts as a novelty  When I first started to, um, receive them, I guess there was a factor  
which was, OK, this is a new thing. Participant 7 
 
I think they were probably more useful earlier in the process. 
Participant 12 
 
Oh when I first started receiving them, it was actually really good.  
Participant 15 
 
Reduced effectiveness of 
texts over time  
I guess I got, both because I got used to them. Participant 12 
 
It’s kind of like the novelty wore off, particularly with the generic ones.  
Participant 12 
 
Ah, well I sort of, you get used to them a wee bit but they still remind  






Um, the, ah, like, you know, it was, there was nothing new anymore.   
So, the actual reading of them, and the messages in them became,…,  
um, repetitive to a certain extent….. So, there was a, sort of, on a scale  
of 1 to 10, the actual interest, I suppose, in what was said in the text,  
went down by a couple of points. Participant 7 
 
Reduced effectiveness of 
texts due to other factors 
When it became, you know when life got progressively busier and  
there wasn’t the opportunity for the regularity of the gym, they had  
less of an impact I think. Participant 12 
 
I found them pretty easy to ignore if I was busy or whatever. 
Participant 11 
 
Little engagement with 
texts initially 
Like, half the time, I didn’t think I actually read them all.  Participant 10 
  
Well for me with the text messages, at the start I sort of didn’t pay too  
much attention to them. I wouldn’t say I really reacted to them much at  
first. Participant 11 
 
Well initially they were just text messages so it took about a week  
before they actually started sinking in. Participant 14 
 
Texts were more 
effective as the study 
progressed 
Not after a few weeks, no.  No I found them, yeah they still really  
motivated me to want to get out and do stuff.  Participant 15 
 





➢ Sub theme 2.4: Response to cessation of text messages at the end of the study 
 
No participant requested the messages to be stopped during the course of the study, thus at 
the conclusion, 18 participants had received regular texts each week over the 24 week period.  
Participants’ reflections on the text messages stopping at the conclusion of the study were 
wide ranging (Table 7.9).  Some felt the texts were no longer required as a form of 
motivation as they had already established a physical activity habit and therefore it was a 
natural progression for them.  Others regarded the point at which the texts stopped as an 
acknowledgement that it was their responsibility to motivate themselves going forward. Yet 
for others, there was sadness when the texts stopped and a sense they were ‘on their own 
now’.  Some of these participants acknowledged uncertainty about how motivated they would 
be without them. Others reported a sense of relief when text messages stopped and were glad 
to no longer be receiving them. These mixed responses serve to illustrate the need to be 





text schedules which allow for individual variability deliver more effective outcomes through 
adoption of a person-centred approach.259  Establishing and incorporating patient preferences 
from the outset can support the integration of physical activity in a way that is acceptable to 
the individual.229  This notion of personalising text messaging is explored further in theme 5 
subtheme 5.2. 
 
Table 7. 9: Quotations regarding responses to the cessation of text messages  
Themes Quotations 
No longer required 
texts as motivation 
I think I’m at the stage now, I don’t really need them anymore.  
Participant 4 
 
I was ok with it because I still, actually my exercise as I said has increased  
since the last time we met. Participant 13 
 
I was expecting it.  And I knew it was going to happen….Which is, you  
know, it’s fine. Participant 6 
 
Good because I was achieving something that I thought I wasn't able to  
do. Participant 17 
Missed texts/felt sad 
when texts stopped  
Yeah. But I, probably, I just miss having somebody to text and say “Yay! I  
did…”,Participant 8 
 
It’s been strange because I’ve missed them during the past week. So I  
keep on thinking is she gonna send another one, no she hasn’t sent one  
(laughs). Participant 14 
 
Um, yeh, I mean, I miss them a little bit to be honest. I think they all did  
help and now that they're stopped, I haven't so much slipped but um, I  
don't think I've been as onto it as I previously was so yeh. Participant 16 
 
Oh it was a bit sad [laughs]. It was a bit sad really [laughs] Participant 17 
Relief when texts 
stopped  
Relieved, but not relieved, if you know what I mean. Participant 5 
 
Oh, quite relieved actually. Participant 9 
Acknowledgment of 
the need to self-
motivate 
Um, no, no withdrawal or anything [laugh], um, I’m sort of um, I’m still a  
person who needs en… not encouraging, but um, um, I, I’m actually, you  
know, I email one of my brothers especially and um, I tell him you know,  
how, not how well I’m doing, but um, um…just you know, whether I was  
on the cross trainer or something, I could only do 15 seconds when I first  
started that and, and um, now I did 5 minutes yesterday on the cross  
trainer and that was just pleasing for me. Participant 8 
 
Yeah well...not too good really (both laugh).  It’s like well it’s all over 
now.  I’m not getting my messages from [the researcher].  I mean I knew 
that was gonna happen so I was prepared for it but it’s um, yeah I sort 
of, well there’s no-one to keep an eye on me now so I’ve just gotta make 







➢ Sub theme 2.5: Perceived negative impact of texts 
 
Although the majority of participants appeared to regard the text messages as a positive thing, 
this was not the case for everyone. Seven of the participants reported that the texts had a 
negative impact in some way. A number of different reasons were cited. Some participants 
found the texts too intrusive. For others, where activities were not being accomplished, the 
texts appeared to be guilt-inducing rather than motivating, reminding the participant of what 
they were not doing. However, even guilt appeared to be viewed differently: for some 
participants, experiencing guilt was acceptable and was acknowledged as an effective 
motivator. 
 
For participants not undertaking the level of physical activity that they thought they ought to 
be, the text messages made them feel pressured at times.  Such responses support the 
argument for two-way communication, as it affords the researcher a better overview of what 
each participant is achieving at any given time, and importantly, the ability to refine the text 
message content accordingly.  Support for such an approach was further strengthened by the 
feedback from participants who indicated that the text content did not always reflect life 
changes that were happening for the individual at the time. 
 
Although text messages were individualised some participants felt the tone of the texts was 
nagging or even scolding at times, and they found this annoying (Table 7.10). Several 
participants acknowledged that their response to texts was affected by their mood at the 
times. Recognition of psychosocial factors is important and reinforced the need to maintain 
communication with the participant as motivation could be positive or negatively influenced 
by mood. Of those participants who reported that the texts made them feel guilty, all showed 
evidence of depressive symptoms based on their baseline depression screening scores using 
the PHQ-9 (Chapter 6, section 6.3). Co-morbid depression is strongly associated with OSA449 
and is known to result in lower adherence to treatment and limit the effectiveness of a self-
management approach in other long-term conditions.79  Therefore, a modified approach may 













Too intrusive Um, just, perhaps, slightly, ah, I was going to say intrusive,…, I don’t like my phone  
being invaded in any way at all. Participant 7 
 




I guess because it was personalised, I, it made feel worse that I wasn’t doing what  
I should’ve done. Participant 9 
 
I just found it quite hard getting the messages when I wasn’t doing what I should’ve  
been doing, what I thought I should’ve been doing. Participant 9 
 
Over the course of the study where I wasn’t doing as well, particularly, you know,  
in the second half of the study, or where I felt I wasn’t doing as well, they  
were...what’s the best way of putting it, I won’t say they came as a criticism but  
they came as a reminder that I was doing as well as I’d like to be doing (laughs).  
Participant 12 
 
I think they were less effective because I wasn’t in my view doing as much exercise  
as I wanted to be doing and for that reason, they were kind of, they could just as  
easily be guilt inducing as inspirational. Participant 12 
 
The guilt not because of I’m not doing what the text is doing but the guilt of my dog  
is not going for a walk ‘cause you’re tired (laughs). Participant 13 
 
….I would get them and if I hadn’t done it yet, then I would feel a sense of guilt and  
then I’d get on the treadmill and do it. Oh I think the guilt was the most motivating  
part of it. Participant 14 
 
Ok, yes (laughs) because what it did was, for me it was like a guilt process.  So I’d 
look at the text message and go oh you know, [the researcher’s] onto me, I’d 




They just seemed to be,…, they seemed to put you under a lot of pressure, myself, 
just seemed to sort of pressurise you a little bit that you had… not that I was being 
told to do it, but it felt that you had to do the exercises. Participant 5 
 
For me personally I didn’t feel that it was very useful. I thought it might’ve been to  
um kind of motivate me, but it kind of just made me a little bit anxious that I wasn’t  
doing it…., it was just kind of like, oh no, she’s texting me again and I haven’t done  
it, and, I thought it might’ve been motivating but it wasn’t, you know, and it, yeah,  




or annoying  
Yeah, the more guilty they were or the more nagging, the better...Participant 14 
 





became less annoying and more motivational so that was good. Participant 16 
 
Yeah, naggy, and almost patronising a little bit. Participant 10 
 
They didn’t annoy me but they sort of put me down a wee bit. Participant 13 
 
If they were slightly negative, as I said earlier. If they were assuming I wasn’t going  
to do anything, and just to sort of say, you know, “come on, finish that cup of coffee  




7.3.3  Theme 3: Characteristics of text messages 
 
There were four subthemes linked to the characteristics of the text messaging and a range of  
reflections on content, frequency and timing were provided by participants. 
 
➢ Sub theme 3.1: Content of texts  
 
There was mixed feedback covering a range of opinions regarding the content of the texts. 
For the most part, participants regarded the texts as supportive and encouraging, and felt the 
content was well suited to their needs.  One of the elements of content that participants 
commented on favourably was the humour in the texts, even when its receipt and context 
coincided with a disincentive to exercise, such as inclement weather.  
 
The text messages sent were typically constructed from a gain-framing perspective, that 
focussed on the benefits of becoming more active, rather than loss-framing, where the focus 
is on the undesirable aspects of not being physically active.  Gain-framing has been shown to 
result in stronger intentions towards physical activity behaviour.316  Incorporation of gain-
framing is, therefore, a key recommendation for maximising impact when using text 
messaging technology.340 
 
Table 7. 11: Quotations from participants regarding the content of texts received 
Content of texts Quotations  
Supportive and 
encouraging  
So they were nice to get and I think probably over time, that sort of built 
up to a bit of a form of support. Participant 11 
 
But they weren’t pushy, you know, they were um, they were  






Yep.  More encouraging rather than, “you should be doing.” I didn’t feel  
compelled to, that I had to do the exercises.  It was just a, to assist you,  




Um… well, I just, I found the content just perfect for me. They were well  
timed. They came at good time, they were not too long, not too short,  
they were just um, anyway, for my personality, they were just sort of,  
just right. Participant 8 
 
No look I found that really good because I think they were, before, they  
were, how do I put it, they were tailored to my needs which I found  
quite good. Participant 15 
 
Oh it was nice, 'cause it was varied and relevant and often relevant for  
weather in Dunedin [laughs]. Yeh, so I liked the fact that there had been  
some thought and it was relevant to me.  Participant 17 
 
I thought they were really good, yeh.  I thought you phrased them really  
well and it was all positive, yeah. Participant 11 
Humorous I found it really funny. I actually found it really amusing when the  
weather was horrible and you’re telling me to get the dog out for a walk  
and I’m like what, …I find that amusing so, …., yeah it was quite funny  
‘cause I went now look if you look out the window, I am not going out  
there today with that dog … you’ve gotta be joking.  So I found it really  
quite amusing... Participant 15 
  
And it was kind of like I loved the humour, I liked the humour and the  
relevance around that.  Participant 17 
 
➢ Sub theme 3.2: Targeted v tailored texts  
 
The texts sent were a mix of individually tailored texts and generic targeted texts. Tailoring 
messaging involves constructing the message to suit the individual in terms of content, timing 
and frequency and is known to increase the effect of the message on the recipient’s 
behaviour.340 
All participants received a generic weekly educational message with facts about OSA and/or 
physical activity and reminders about undertaking incidental activity.  For example:  
 
“Did you know physical activity can increase energy levels and combat fatigue even in those with  
sleep apnoea?”  
 
“Health benefits can be gained from just a 10-minute bout of physical activity. Don’t let having  
limited time stop you from doing something. Anything is better than nothing.” 
 





mostly in praise of the tailored texts.  Few were fans of the generic texts that were about 
exercise or of the ‘inspirational’ texts. Participants reported the reasons being because they 
perceived them as not being directed at them personally; they were regarded as just the same 
text that everyone else was receiving. However, for some, generic texts which were more 
educationally based did appear to offer some value. There is debate in the literature about the 
optimal content of text messages for effecting behaviour change.  While some studies suggest 
tailored texts are the most effective means,340 other studies have indicated that a combination 
of both tailored and targeted texts was optimal.259  In the case of our cohort, the tailored texts 
were certainly preferred and were more frequently delivered but no conclusion can be drawn 
about whether they were more effective than targeted texts or a combination of both. 
 
 
Table 7. 12: Quotations on tailored and targeted texts 
Topic Quotations  
Generic text content 
not helpful 
Um, they weren’t helpful when they said things like, um, “come on, get up  
and go and do some exercise 'cause it will really benefit you.”  Participant 6 
 
I think the generic ones, yeah the generic ones just didn’t work for me,..., 
the generic ones I felt like I was, you know, just receiving the same as 
everybody else was receiving… Participant 12 
 
I didn’t feel they were directed at me personally, yeah I was just part of a, 
you know, a group text Participant 15 
 
Tailored content more 
effective than 
targeted  
You know, I sort of, it’s, ah, I don’t think this study would work nearly as well  
if, if, if it was just rolling out texts which had, um, “keep at it”, “exercise is  
worth it”…Participant 7 
 
I think the ones that were more effective were the ones that were more  
specific rather than the generic ones. Yeah, ones that, you know, reference  
taking the dog out for a walk or you know, doing specific things at the  
weekend Participant 12 
 
The personalised ones were clearly directed at me and I felt that the text  
was, you know that you were addressing me as an individual rather than a,  
you know a group, …, gave me encouragement. Participant 15 
‘Inspirational’ quotes 
not valued 
Yeah, I’m not a big fan of the, you know,… those sort of little messages on 
the wall approach,…, I didn’t feel they were directed at me personally, yeah 
I was just part of a, you know, a group text whereas the personalised ones 
were clearly directed at me and I felt that the text was, you know that you 
were addressing me as an individual Participant 12 
 
Well some of them were more inspirational and the inspirational ones didn’t 
work as well as the ones that are reminding to get it done… in fact, some of 





the actual exercise itself but they were more like quotes of the day type ones 
and I didn’t find those as helpful. Participant 14 
 
➢ Sub theme 3.3: Frequency of texts 
 
The frequency of texts was considered by most to be about right for their circumstances.  
However, some participants considered them to be too frequent, and others expressed that 
they would have preferred to receive them more frequently.  Texts were sent at a varying rate 
during the study period; for the first 12 weeks of the study participants received five texts a 
week and for the remaining 12 weeks the number of weekly texts was reduced by one each 
fortnight. This variability in frequency over the course of the study period was also 
acknowledged by participants.  These findings highlighted the importance of variation in the 
scheduling of text messages to suit the preferences of the individual.229  They also support 
results of the meta-analysis by Head et al.259 which concluded that text message interventions 
for health promotion that used individualised or decreasing frequency of text messaging were 
more effective than those that used fixed frequency of messaging.  However, it is necessary 
to note that systematic review and meta-analysis by Head et al. also included smoking 
cessation and weight loss interventions in addition to physical activity behaviours.259 
 
 
Table 7. 13: Quotations related to frequency of texts in the intervention study 




frequency of texts  
Um, I kind of expected messages every day, and they came most days. That  
was great. I appreciate having messages so frequently.  Participant 6 
 
Um, and the frequency, I guess, was, I felt pretty right. Participant 7 
 
The frequency was fine.  Usually it’d be once or twice a day and that was fine 
with me.  Participant 14 
 
I think you were texting me like two or three times a week or something from  
memory and I thought that was pretty good. Participant 11 
 
Ah, I think that they’re enough.  Um, I don’t think you need to do any more  
than what you were doing.  Um, 'cause… what was it, about every 2 or 3 days,  
I was getting them.  So, yeah, I think that is a right amount. It’s a right, you  
know, you don’t want to start doing it every day because that’s just going to  
annoy people. Yeah, it was.  It was just enough to sort of keep me motivated,  
but not enough to bug me.  Participant 4 
 





it being every other day. It was every other day in the beginning? Or every  
day? Participant 17 
 
Texts received too 
frequently 
You don’t want to start doing it [sending texts] every day because that’s just  
going to annoy people. Participant 4 
 
I felt it was a wee bit much every day. I know that we, you know, the plan was  
to get out walking every day, but I kind of yeah, I found it was a wee bit much.  
Participant 9 
 
Texts not received 
frequently enough  
That was fine.  Probably… it would vary for individuals… for myself, perhaps  
just a slight increase probably.  Participant 5 
 
Change in 
frequency of texts 
as study 
progressed  
To be honest, I didn’t notice that.  I’m just thinking about it now and 
thinking they didn’t come out as often as they did at the beginning but they 
came in with sufficient regularity that I expected them and that was what, 
you know that’s that kind of, that was, as I say that was more reassuring 
than annoying. Participant 12 
 
… yeh so in the beginning they were frequent and then it tailed off and when 
we got to the tailing off period it was like oh I'm quite missing those messages 
[laughs] Participant 17 
 
If texts are just you, I’d, I was amazed at the number of texts I got, ah, anyway.   
And, ah, when they eased, rather than stopped, um, I thought, well, it’s fair  




➢ Sub-theme 3.4: Timing of texts 
 
The timing of texts was referred to by several participants, in particular the effect of texts 
delivered at the point of action, i.e. at a time that the individual has identified as an 
opportunity to be physically active.264  Some participants felt the timing of texts was spot on 
as a motivational tool. This idea of texts being delivered at the point of action was raised in 
our earlier focus group study (Chapter 5) and the finding is supported by the literature.  In the 
study by Head et al. customisation of text message delivery, and using input from the 
individual participant to ensure real time delivery at the point of action, were found to 
optimise the effectiveness of engagement in physical activity.259 
 
Some participants reported the timing of the texts could have been better and that sometimes 
the timing did not suit the participant and thus did not have the desired effect. For example, 





participant was tired.  Additionally, for some there were situational changes, such as injury, 
or a change in the time when they decided to fit exercise into their day. 
 
 
Table 7. 14: Quotations related to the timing of text messages in the study 
Timing of texts Quotations  
Timing of texts worked 
well 
Yes.  I really appreciated that one.  It hit the spot.  Participant 6 
 
Um, like, some of the later ones did.  Like, I’d, you know, I’d be like, “ugh,  
do I really want to go for a walk?”  And then I’d get a text, and I’d be  
like, “yeah, I suppose I’ll go for a walk.” Participant 10 
 
Timing of texts not 
optimal  
Sometimes the timing of them wasn’t very good but then that was sort  
of, I mean that was because I, I do a lot of shift work so yeah, like I was  
saying before, if I was at work, sort of wasn’t, the timing wasn’t ideal  
but then I think that’s more ‘cause of what I do than anything else.  
Participant 11 
 
As I said, because I was focussed, it didn’t make too much of a difference  
for me because like if I got the message at six o’clock in the afternoon 
to take the dog for a walk and I’d just finished my gym session at half 
past five, it sort of didn’t really encourage me to take the dog for a walk 
as much kind of thing, if it makes sense. Participant 13 
 
Change in circumstances 
not accounted for in 
timing of texts sent 
I think one of the things we discussed early on was that my original  
thinking was that, you know, walking the dog was going to be one of  
the main ways of increasing my exercise. I had thought initially that I  
would do that in the morning and then in the end, it was easier to do  
that in the evenings and so there was that period when I was getting  
texts that amongst other things encouraged me to walk the dog in the  
morning when I had no intention or ability to. Participant 12 
 
Yeah, not knowing the point at which you’re injured and the messages  
were still coming…. So it a timing thing, that’s right.  Participant 13 
  
Timing of texts not 
specific to the current 
situation  
The only thing was that sometimes I think I would, you know, it could be 
just a generic text because you’re sending me texts how about take the 
dog for a walk on the beach today, the weather was pouring with rain 
and I’m like well where are you (both laugh). Participant 15 
 
I just sort of, if I had some free time and I wasn’t at work or that, yeah I  
was maybe more likely to do something that usually wouldn’t be  
straight away if I got a text. I wouldn’t say it didn’t work, it just um,  
sometimes I was getting texts and I’d be at work. Participant 11 
 
In the beginning, some of them were too early in the morning and with  







Since replying to texts was optional for participants, the researcher was often unaware of a  
participant’s change in preferences or situation and therefore did not adjust the text content or 
timing to reflect any changes.  At other times, some participants found it unhelpful when the 
suggested activity to be undertaken in the text did not match the weather, for example, at the 
time the text was received.  As previously noted, working more closely with participants to 
understand any changes in situation or preference would enable adjustment of content and/or 
delivery of texts to be optimised for potential motivation or effectiveness.  Improved tailoring 
of messaging to suit the individual’s needs may lead to greater engagement, a point which is 
considered critical to successful behaviour change.249  Additionally, bi-directional messaging 
enables two-way communication; not having an option to respond has been reported as a 
reason for dissatisfaction by participants in other studies.260  Of the 20 participants receiving 
text messages in our study, 12 responded at some point during the study by replying to at 
least one text message. 
 
 
Table 7. 15: Quotations related to responding to the text messages sent to participants 
Responding to texts  
Participant 
5 
Yes.  But I still appreciated the messages.  But I would’ve liked to have, um, felt I 
could respond.  Like, when something was, when there was a really nice message 
that made me feel, it was just… sometimes, it just hit the spot at the right time, and 
I’d like to have been able to respond to that.  But I just didn’t know, um, if it was 




It was good I didn’t have to reply to them but yeah, the fact that you kept sending  
them was good. It was nice getting, you know getting these text messages where  





7.3.4 Theme 4: Motivation 
 
The topic of motivation featured strongly in our study. One of the study aims was to enhance 
exercise self-efficacy, which has a role in the development of an individual’s motivation 
towards physical activity behaviour.241  In adults, self-efficacy is one of the clearest correlates 
of physical activity behaviour444 and beliefs established during an exercise-based intervention 
have been shown to be important for the longer-term maintenance of an exercise regimen.296  





18-month follow-up, thus underlining the importance of enhancing efficacy beliefs to 
promote long-term behaviour.241  However, motivation is not fixed and it is recognised as 
being context specific and an individual’s motivation to be physically active will vary by 
gender, age and the type of activity in question.239  As well, motivation can be intrinsic - 
where the act of being physically active provides enjoyment and/or satisfaction in itself - or it 
can be extrinsic - where involvement in the activity is motivated by external influences, such 
as reward, or the influence of others.239  Frederichs et al. argued that, where motivation is 
provided by an external stimulus (such as text messaging), this may influence behaviour in 
the short term but is unlikely to be effective in the longer term.231  Such observations provide 
a rationale for re-evaluating an individual’s stage of change at the end of the intervention 
period: the key message being that if the individual remains at the contemplation or 
preparation stage, they are unlikely to maintain levels of physical activity once the text 
message support has been withdrawn. 
 
➢ Sub-theme 4.1: Motivations for becoming physically active 
 
Most of the study participants volunteered information regarding their own motivation for 
participating in the study.  Given the nature of the study being associated with people at risk 
of OSA, it was perhaps unsurprising that these intentions were often linked to an aspect of 
health. 
(i) Weight loss 
 
Amongst our cohort weight loss appeared to be a common reason for becoming more active 
and was mentioned by many.  Weight loss and associated body image have been shown to 
represent a strong motivator for becoming physically active in young males (ages 18-25).418  
Likewise, females have also been shown to be strongly motivated by appearance and physical 
condition.239  In contrast, results of a small focus group study by Bredland et al. involving 
retired men aged between 66 and 83 years showed that they tended to be less concerned with 
appearance; for them, activities that were meaningful and enjoyable appeared to be a more 
important consideration.450  However, this finding was contradicted in the results of the study 
by Molanorouzi et al. who suggested that younger adults considered enjoyment of physical 
activity more of a motivator than older people did.239  Furthermore, a systematic review 





highlighted enjoyment of an activity as a key facilitator.234  This variability in results 
highlights the importance of working with the individual to ascertain their own specific 
motivations, in order to best support their engagement in physical activity.   
Where weight loss did occur in some of our study participants, the loss of weight provided 
ongoing motivation to keep up the lifestyle changes they had made.  Weight loss itself was 
not an aim of the present study which was focussed on physical activity. It is generally 
accepted that dietary change is the most effective means of promoting weight loss, while 
sufficient levels of physical activity can maintain weight and prevent additional weight 
gain.451  Those participants who experienced marked weight loss during the study period, 
appeared to have developed the motivation through mastery of physical activity, which then 
empowered them to make dietary changes resulting in weight loss. 
 
(ii) Future health/Ageing well  
 
Investing in future health was a key motivator for many; this concept links to the earlier 
theme of recognising the importance of exercise in supporting good health (Table 7.5).  
Several participants highlighted loss of strength and function as key issues and wanted to do 
something to offset that loss.  For others, their goal was to look into the future and not to 
follow the same path that their parents had in terms of disability; or they expressed an 
awareness that by becoming more active they would be able to do more [activity] for longer 
periods.  The importance of active ageing is recognised by the WHO,452 and the New Zealand 
Ageing Well National Science Challenge is committed to sustaining “health and well-being 
into the later years of life enabling all New Zealanders to reach their full potential.”453  This 
aligns well with the aim of our feasibility study (Chapter 6) which explored increasing 
physical activity behaviour and enhancing self-efficacy in adults with OSA to support long 
term health. 
 
In summary, participants appeared to have good awareness of the things that might have a 
positive impact on their health in the future if they were physically inactive.  Examples cited 







(iii) Fulfilment of other roles/Quality of Life 
 
Another motivating factor was the desire by participants for an improvement in quality of 
life, which incorporated being able to fulfil other life roles through improving fitness, such as 
looking after grandchildren. A number of participants appreciated that an increased level of 
fitness, resulting from their participation in the study, enabled them to be more involved in 
the lives of others they cared about (Table 7.16). This sentiment was reflected in the increase 
in quality of life scores across all three study groups (Chapter 6, Section 6.3, Figure 6.17). 
Increased involvement with family is recognised in the literature as a key motivator for older 
adults to be physically active. For example the qualitative study by Bredland et al. reported 
that keeping fit to play with and teach grandchildren was a key motivator for older men.450  In 
the present study, participants discussed the joy being able to be active with their 
grandchildren brought them, and overall, the study findings suggested that being physically 
fit was closely related to mental well-being through improved quality of life. 
 




Weight loss Want to lost weight, which seems to be working. I mean, it’s kind of interesting  
to see how my weight and, or not, has changed over the last,…,has it been 6  
months? Yeah. So, I think I went from, like, almost 180 to almost 170’ish or  
something. Participant 10 
 
I just want to feel better and maybe look a bit better, as I’m getting older I don’t  
really want to be a real big fat guy. Participant 11 
 
I feel very good and that’s what motivates me ‘cause I can see the weight  
coming off.  I’ve lost about 23.6 kilos to date from the 4th of June so you see the  
results.  Participant 13 
 
No, I think now it’s the weight loss because last month I was 107 and now I’m  
down to exactly 100......and a lot of it is the exercise because I’ve lost weight  
before but just my body is thinner than if I just dieted alone. So I’ve lost more  
inches off my waist from the last time I was 100 kilos... Participant 14 
 
Future health Like, even just, like, going down on your haunches and trying to stand up again.   
I found I couldn’t do that anymore.  I actually, literally, had to get on my hands  
and knees and pull myself up with a piece of furniture. And I just didn’t like it.  
And I knew I was getting more and more, not so much, ah, unfit… at first, I 
thought it was unfit, but I realised I was actually just getting weaker.  You know, 







‘I don’t really want to end up the same as my parents… Mother ended up in a  
wheelchair and overweight, and father’s not very good on his feet.  Neither of  
them were really into exercising.  Just knowing the stuff that you, if you don’t  
use it, you’ll lose it, sort of thing.’ Participant 5  
 
The health benefits of being physically active and getting out there and doing  
exercise.  Um, weight control, avoidance of obesity, ah, sitting and doing very  
little and then regretting when you want to climb a hill or get out on your bike.  
Participant 7 
 
The short answer is just the health benefits of keeping active and fit, especially,  
especially, ah, as the years keep rolling over. Participant 7 
 
So the reason I’m doing the exercise is to sort of do something myself, you know  
it’s a way of um, I can walk faster, my breathing is a bit better, um, it’s just a  
way of doing something myself for my body to just make sure I keep going. I’m  
69 and I don’t want to seize up. I don’t want the lack of oxygen to affect my  
brain or my organs or whatever, and so it’s my way of doing something about  
it, so that’s my biggest motivator. Participant 8 
 
Primarily (laughs), primarily I need to get my shit together.  I need to be  
working on my health, you know, I’m carrying more weight than I, you know,  
than I want to and I know that, … , I’m at an age where I really do need to get  
my act together.  Participant 12 
 
Um, health is a big one for me. For me it's also, it's a stress thing, it helps me,  
it gives me an outlet. So that always works. Um, yeh it's a good way of  







Especially when they come two at time 'cause they want to have sleepovers  
with each other at Granny’s house and, you know, they’re very active, vibrant  
children, which is awesome, 'cause they have such great imaginations.  And I  
love it.  They make me laugh and they, yeah, they love laughing.  It’s great.   
But, yeah, keeping up with them, you need a certain level of fitness! Participant  
3 
 
[On moving forward]…. I want to do that in the best possible way.  And to be  
the best in myself that I can be.  And I just feel like I’ve got a whole heap of life  
back.  And, yeah, I still have to push it at times, I am good at pushing  
boundaries… I’ve still got a life ahead of me.  A lot of life ahead of me.  And I  
want to be physically as fit as possible to make the most of that.  And, you  
know, I want to be fit enough to run around and do all this stuff while I’m  
overseas, not just sit on a bus and look out a window, you know, it just, you  
know. Participant 3 
     
And, also, when I’ve been in Auckland, my sister-in-law is just a compulsive  
walker, she just loves for going walks.  And I can go for walks with her too.  And  
the other things is, I can, I’m walking a lot faster, I notice, when I’m in town.  I  
can walk… I never used to be able to walk very fast,…. but, now, I’m one of  





➢ Sub-theme 4.2: competition  
 
For some participants, competition provided an element of motivation during the study. This 
took a variety of forms: good-natured competition with others, competition with themselves 
and even competition with the researcher, with the aim of fitting in their daily activity prior to 
the arrival of a text (Table 7.17).  The notion of competition as motivation has been widely 
studied in competitive sportsmen and women. Research findings have indicated that in a 
young to middle-aged population (aged 20-64), males are more likely to be motivated by 
competition that females across a range of sports.239  A focus group study involving 28 
individuals with T2DM (aged  39-71) emphasised friendly competition as a motivator to 
being physically active as one of the emergent themes.233  However there is a limited research 
into competition as a motivator for physical activity in people with health conditions. In one 
such study, Redfern et al. explored factors influencing patient engagement in a support 
programme using a text message focused on smoking cessation, healthy eating and exercise 
in a cohort of 710 participants with coronary artery disease.266  Although the element of 
competition was not a theme focussed on in their analysis, there was evidence of competition 
in the quotes from participants, such as this one: 
” ’It made me feel good when sometimes I already did my exercise and then got a message about 
it. And then I was like ‘Yes, beat you’” (pg.12) 266 
Table 7. 17: Quotations relation to competition as a form of motivation 






And even little, um, like, doing the 6 minute walk, like, even several that  
would kinda like, just challenge each other, you know, like, see who  
could get to the end the fastest, and things like that.  Especially in the  
last minute, you know, they’d kinda speed up and… Yeah, pick up the  
pace and see who could get to the end quickest.  Yeah, things like that…  
Just friendly competition, nothing serious.  Participant 3 
 
It’s just like in a, if you’re in a race, let’s say like a 5k race or something, you  
may not win and you’re in the race knowing that you probably won’t win but  




Well yeah, because if you don’t do it, like I was laid up for a while and I kept  
on wanting to get back on it because you’re thinking I’d already lost this much  
time, there’s only so much time to the study and you should be so much more  





competition part of it... Participant 14 
 
Yes but it was also my downfall because it’s like I’m now down to 100 kilos and  
so this last week, I was upping my time more and more on the treadmill and  
upping my speed which you told me not to do and then I had one day where  
I’m still getting over the cold and I couldn’t sleep and so I only had like a couple  
of hours sleep and I didn’t feel very well but I got on the treadmill anyway and  
I decided for the last three minutes to run and see if I make the two kilometres  
because I only had two tenths of a kilometre to go and then I would, you know  
in my 30 minutes to reach two kilometres.  So I decided to run and then  
yesterday I woke up and my knee was all puffy. Participant 14 
Competition with 
the researcher 
It was actually really good motivation and I found that some days I wanted to 
be ahead of you [laughs]. You know, It’s like on a nice day it was like oh I've 
gotta get out before [the researcher] sends a text…. it became a bit of a 
competition with myself.  Participant 17 
 
 
➢ Sub-theme 4.3: Supporting existing levels of motivation  
 
For others, the idea that they were already motivated but just required a little nudge in the 
right direction was raised (Table 7.18). This links to the preparation stage in Proschaska and 
Clemente’s Trans-theoretical model of health behaviour change where individuals were 
looking to make a change but may have required initial encouragement.278  
 
Table 7. 18: Opinions of study participants on encouraging motivation 
Quotations from participants  
Participant 7 Um, I, I think there was a lot of motivation that was, that was static, that was 
already there with me. Participant 7 
 




Yeah they were helpful, especially just before, but to be honest with you,… , I was a  
lot motivated if I didn’t have an injury and I was concentrated and you know, very  
focussed on doing this stuff but, like the taking the dog for a walk and all that, it did  
help. Participant 13 
 
 
7.3.5 Theme 5: Connection 
 
The theme of connection was mentioned in a variety of contexts in the interviews.  These 
were summarised in five subthemes ranging from a connection with others through the 





physiotherapist overseeing the class, to the idea of peer support and fostering a sense of 
belonging.  
➢ Sub-theme 5.1: Connection through attendance at the exercise class  
 
For some participants attending the exercise class and developing a connection with those 
running the class, whether they were students or the physiotherapist, was regarded as 
important.  Participants valued the knowledge that the physiotherapist, or physiotherapists in 
training, could offer and the encouragement they provided.  Participants also valued the one-
stop shop approach to a health professional and the fact that they did not have to make an 
appointment. For example, if a health condition were impacting on their ability to be 
physically active, the physiotherapist could advise on how to adapt exercise and maintain an 
appropriate level of engagement. Without this input, fear of overdoing it and lack of 
knowledge regarding progression of exercises could disrupt exercise habits and may affect an 
individual’s level of motivation.  
The peer support offered in a group setting was welcomed (Table 7.19) and provided social 
connectivity and a sense of belonging. The idea of social connectivity has been explored 
widely in the literature,454, 455 and is recognised as a motivator to attendance at group exercise 
classes through the development of a rich social connection that fosters a sense of 
belonging.454  A sense of having something in common with others through a mutual 
commitment to fitness appears to be a key factor in establishing a sense of 
connectedness.454,233  As participant three noted in our study:  
“It was just that we were all there for the common goal to improve what we had and how 
best to go about doing that.”  
 
This social connectivity may take on a greater significance in people’s lives if they live alone 
or are quite socially isolated. Results of a study by McKay et al. concluded that, in a cohort of 
older adults (aged 60+), loneliness (as measured by a three item questionnaire with Likert 
scale responses) reduced significantly (p<0.001) during the intervention phase when 







Table 7. 19: Participants perspectives on the idea of connection through exercise class 
attendance 
Connection with others 
Connection 
with students 
I dunno, having a connection with students as well. Participant 1 
 
The first three weeks, I had a really lovely student who was just so great, she was  
really enthusiastic and really encouraging and really wanted to know what was  
happening and how I was feeling and how everything was going. Participant 1 
 
Um, I didn’t really communicate with others much, at the class.  But having the  
students and the, um, physio there overseeing it, that was a good level of support,  
feeling like I could learn to do exercises correctly. Participant 2 
 
Access to a 
health 
professional 
That’s actually the key for me, is actually having a healthcare professional who  
knows their stuff, they know their anatomy, they know the muscles and  
everything, and how to work everything together to benefit the body as a whole.  
Participant 3 
 
Yeah well I enjoyed being part of it, particularly in, in terms of like everything’s  
about how others think perhaps, I’ve tried to sort of empathise and put myself in  
the position of other people that might be having the ability to get these texts  
and to help motivate them and I thought a lot about, now when visiting the GP,  
people get crook or they wanna exercise so quite often you’ve gotta make a trip  
to the doctor if you’re not feeling well.  I found that through the study, that just  
having that little bit of motivation from somebody through a text message and I  
mean, it was a text message, it’s not like we’re ringing them every day.  
Participant 15 
 
A simple text message saying hey how about doing some exercise, how about  
going out with a walk with the dog.  You know, when did you last go out.  Hey  
how are you feeling?  How did that make you feel? You know you were asking all  
these questions, I was like well actually you know what, it makes you fit and it  
was helping to motivate me.  Participant 15 
 
Peer support I felt that was really great. I really liked having students ‘cause they’re around the  
same age as me which is quite nice. Participant 1 
  
It’s just because we had our regular little group that came every week.  And, so, 
like, I mean, I was probably only a part of it for about 3 months all up because it 
was 6 weeks before second semester started.  So, I only had that one semester, 
which I think is 12 weeks. But over that 12 weeks, we had our regulars that 
came every week.  And, so, you got to know each other, and you were looking 
forward to seeing each other.  And even though the students, um, rotated every 
3 weeks, you still had each other.  It was the same faces each week, plus the 
instructor.  You know, and it was really good.  Participant 3 
 
It was just that we were all there for the common goal to improve what we had  
and how best to go about doing that.  Participant 3 
A sense of 
belonging  
It was like your own little club, you know.  And you noticed who was missing.  





you doing?  Missed you last week.  Everything OK?”  You know, so, it was 
actually quite a caring little group.  Guys and girls.  It was very mixed.  
Participant 3 
 
I was quite happy with that but I just, you know, kind of go into my happy space  
and, yeah. Participant 12 
 
 
➢ Sub-theme 5.2: Personalisation   
 
The personalised component of the text messages served to enhance the connection to the 
individual researcher, and most participants felt this was really important (Table 7.20).  They 
liked the fact that texts related to specific information about them such as their family 
members and preferred activities.   
Personalised messaging is recognised as having value to patients and the study by Redfern et 
al. showed that it is a factor in their engagement in a physical activity intervention.266 
Furthermore, personalised messaging can positively impact the efficacy of outcomes259,332 
and text messaging interventions that incorporate some form of personalisation have been 
shown to be more effective than those that do not.  Studies that employed messages which 
took account of demographic and psychosocial variables and those that included some 
element of personal information, such as the participant’s name, demonstrated  an increase in 
efficacy.259  In contrast, in a study by Horner et al. that relied on an automated messaging 
with no element of personalisation the messages were less well received.260  In the study by 
Horner et al. text messages were received as part of a physical activity intervention and 
revealed that repetition of content and predictability of timing, coupled with a lack of 
personalisation or ability to respond, was regarded as frustrating by study participants.260   
In summary the evidence has suggested that the more relevant the message triggers are to the 
recipient, the more likely they are to be effective.341  Therefore, time spent getting to know 
participants and understanding their motives for being physically active, as well as knowing 
barriers affecting their ability to do so, might be time well spent in terms of payoff for the 








Table 7. 20: Quotations on personalised elements within the study 
Personal factors Quotations 
Linking back to 
interview 
discussion 
Ah, again, you know, most of them were related to, get out and do things with 
[daughter’s name] and [wife’s name], or go out and play golf, and those sort of 
things.  Yeah, they reminded me of things that, you know, we discussed, things 
I could do, and, yeah, they got me out there doing those sort of things, instead 
of just moping around the house and not wanting to do anything.  Participant 
6 
 
Um, again, they just reminded me of things I wanted to do, things we discussed  
at, you know, I like doing.  Participant 4 
 
The thing that I remember now, I like that when I went to Wellington, I didn’t  
receive any, which was obviously you must’ve programmed it on my time off  
just because I told you it’s my time off, you know what I mean. Participant 13 
 
Which quite impressed me so um yeh I was quite impressed because there was 
part of me that thought these were set up way in advance but they were 
relevant to conversations you and I had had as part of the programme and an 
example of that was [laughs] when I bought the brown down coat... Yeh, "Take 
the coat out for a walk, for a coffee." Yeh, so I liked the fact that there had 
been some thought and it was relevant to me. Participant 17 
 
Appreciation of 
personal factors  
Using my name is really nice. Well-received when it was, when I felt it was for  
me. Participant 6 
 
Ah, and I’m benefiting from it because it is actually encouraging me to get out  
and, um, look after myself, keeping active and, ah, it’s got a personal touch, ah,  
that, ah, you know, to, like, mentioning [dog’s name] and so on. More personal  
is better, and I think, um, I think that’s where its success.  So, that would be my  
main, my main comment. Participant 7 
 
No look I found that really good because I think they were, before, they were,  
how do I put it, they were tailored to my needs which I found quite good because  
you were saying, you know like you know I have a dog so then the text was  
tailored to you know, how about taking the dog for a walk, how about going out  
to the beach, she knows I like to take the dog to the beach.  So you know, getting  
the dog out to the beach so that was really good.  Participant 15 
 
Yeh, oh no absolutely, I found, particularly the ones that were personalised for  
me were really motivating. Participant 17 
  
 
(i) Feedback  
 
The role of feedback within personalised messaging was also considered important by some 





is recognised as a behavioural change technique in the category of ‘Feedback and 
Monitoring’ in Michie’s taxonomy of behaviour change techniques.284  Providing feedback 
has been established as an effective behavioural change technique  to increase physical 
activity participation in some studies.283  However, not all studies have demonstrated a 
positive effect from feedback on performance when compared with other available 
behavioural change techniques. Results of a systematic review undertaken by French et al. 
found that studies which used feedback on physical activity performance in older adults (60+) 
showed small effect sizes for both physical activity levels and self-efficacy.287  In our study 
design, it was not always possible to provide timely and personalised feedback. However the 
use of activity tracking software in a future study would enable daily monitoring of physical 
activity behaviour and provide an option for more timely feedback.  
 
Table 7. 21: Quotations on the role of feedback in the study 
Participant number Quotations  
Participant 6 Useful. They’ve been useful, particularly the positive ones, the ones  
where you expected I was being, doing something, and giving me  
positive feedback.  
Participant 6 Congratulate yourself on the changes you have made to your physical  
activity levels, [name].  It is all your own work.”  That was really  
nice….those ones, like the one I just read to you, they were really good.  
The ones with the congratulatory ones.  
Participant 7 And an acknowledgement of the fact that it was being done too.  
Participant 13 
 
But some, where they said, “you’re doing really well,” you know, just  
assuming I’m doing well, those ones were, they were great…. Because,  
you know, I’ve been trying, and I just appreciated that somebody  
is giving me credit for that.   
 
(ii) Negative aspects of personalisation 
 
Personalised texts were not always positively received; some participants felt the 
personalised element could be negative, for example, through heightening the guilt of not 
having been active (Table 7.22). This concept of feeling guilty for not having undertaken an 
expected level of physical activity has been previously explored in the literature and has been 







Table 7. 22: Quotations illustrating perceived negative aspects of personalisation 
Negative aspects of 
personalisation 
Quotations 
Not engaging enough Um, probably just a little bit more engaging, if you like.  Involving 
other parts of the conversation. Participant 5 
Increased feelings of guilt Ah, with it being personalised, nice in a way that it was being  
personalised, but then I think again because I wasn’t doing what I felt  
I should’ve been doing, I, yeah, it made it probably a little bit more  
negative again that it was personal, ’cause I kind of felt like I was  
letting you down. Participant 9 
 
So if I hadn’t done any exercise, a generic message commending me  
on that would make me feel a bit guilty.  A personalised one would  
make me feel even more guilty. Participant 12 
 
 
➢ Sub-theme 5.3: Establishing a rapport/relationship with the researcher 
 
The role of the researcher was an important aspect of the connection participants felt to the 
study and some felt the motivation provided from being a participant in the study was enhanced 
through having a connection with the researcher involved (Table 7.23). 
 
Participants identified the relationship with the researcher to be a factor that contributed to 
the texts succeeding in providing motivation. The importance of having had face-to-face 
contact with someone on the study team was also highlighted by participants and this is 
feature supported by the literature.266  Initial face-to-face contact with a health professional 
has been identified as one of the factors influencing engagement in a text messaging 
programme designed to increase physical activity levels.266  
 
Table 7. 23: Quotations regarding the importance of a connection to the researcher 
Importance of a connection with the researcher 
Participant 
4 
I think it’s very important.  Um, if you’re just getting a message from anybody, there’s 
no personal touch to it; you don’t, you know, it’s just someone that doesn’t even know 
you.  Well, meeting you, talking to you, you know, we sort of… oh, in a sense, you can 
say we almost got a bond ... 
Participant 
4 
You know, you can open up, you knew what was going on in my life, you knew how… 
so, these text messages weren’t just someone just blurting out stuff, you were talking 
about stuff we had discussed. 
Participant 
6 
Essential. Yes.  And if you were just a name, it wouldn’t have been nearly the same.  





disappointed I’m not coming back to meet you again.  And I just, just you seem to 
care.   
Participant 
6 
They helped motivate me in that you were there.  If I didn’t get text messages, I’d 
think, “well, there’s nobody here.”  Yeah, I think I’d get away with it.  And not so much 
that, but, um, I just didn’t want to let you down.   
Participant 
7 
I’ve been impressed with the, ah,… , getting to know, um, in my case, the, the e…, no, 
it’s e, who am I… the subject, ah, well enough to be able to make relevant, to write 
relevant texts, ah, that have got a personal touch.  Just, you know, being specifically, 
you could just say that, being able to talk about the dog or the bike, …, I don’t think 
this study would work nearly as well if, if, if it was just rolling out texts which had, 
um, “keep at it”, “exercise is worth it”… 
Participant 
11 
Yeah, you’re a real positive person and that was nice, especially this last time we met, 
it was good catching up and it was good having something good to report to you and 
then getting all that positive feedback was really nice as well. 
 
 
In addition to the personal connection, other elements that participants valued and felt the 
researcher brought to the study were positivity, encouragement, accountability and 
reassurance. Again this personal connection has been shown in the study by Redfern et al. to 
create a feeling of support, which is itself was a recognised factor for positively influencing 
participants’ involvement in studies based on text messaging.266  It is important to 
acknowledge that the participant-researcher relationship and the personal connection it 
generated may have introduced social desirability bias into the study456; this could have 
influenced participants’ responses to the text messages received and the answers given in the 
exit interviews to present a more socially acceptable perspective. 
 




Positivity They were more directed at, “you’re doing well,” Participant 5 
 
They’ve been useful, particularly the positive ones, the ones where you  
expected I was being, doing something, and giving me positive feedback.  
Participant 6 
 
“Congratulate yourself on the changes you have made to your physical activity  
levels, [name].  It is all your own work.”  That was really nice. Participant 6 
 
It was nice just getting, you know getting these text messages….they always  
seemed to be pretty positive. Participant 11 
 
You know, yeah my wife gets on my back for not doing enough exercise and I  
just find that annoying where these were framed positively and I certainly know  





criticism. Participant 12 
 
So it was a really positive, it was a positive thing that kind of became a sort of  
a game in my head, I guess. Participant 17 
 
Encouragement Some encouragement to have done those [home strengthening programme] a  
bit more would’ve been good.  Participant 6 
Um, yeah they made me feel pretty good about myself, about what I was 
doing. Participant 8 
 
But I must say, I just remembered about um when I was overseas,…, it was  
brilliant getting them there because I was so busy and I had so much on and  
so much to do, that was just wonderful, I have to say, that you kept going. It  
kept going. It didn’t stop when I, you know, when I was out of my own  
environment, so that was,…, very encouraging. Participant 8 
 
Accountability Well, it was actually quite motivating for me, having to sort of check in and, 
you know, go to, um… I did find it quite motivating.  Participant 2 
 
I email one of my brothers especially and um, I tell him you know, how, not how  
well I’m doing,…. I just miss having somebody to text and say “Yay!” I did…”.  
Participant 8 
 
There’s somebody else out there looking out for me, keeping an eye on me and  
also keeping a track of what I’m doing so that when I do go back and have a  
follow-up, I’ve got to answer for what I’ve done,.., if I haven’t been exercising,  
then [the researcher’s] gonna know. Participant 15 
 
 
And I think the two or three monthly check ups was a good way of motivating  
me. Participant 16 
 
Reassurance This is going to sound almost at odds with what I’ve said before but there was  
a sense in which their regularity was reassuring. Because some of them, well  
because they tended to come in at a certain time of the day, I’d get a, you know  
I’d hear my phone go ding and think oh that’s [the researcher] (both laugh).  So  





➢ Sub-theme 5.4: Someone cares  
 
The notion that someone cared about their health was a key theme derived from analysis of 
the study data (Table 7.25). The idea that somebody cared and was keeping an eye on things 
was consistent with the literature and has been highlighted as a factor in participants’ levels 










Participant 6 It made me feel as if I mattered…..Knowing that, as I said before, somebody is 
there, who cares.  And, you know, just to give me a hand, you know, take my hand.  
Sort of. 
Participant 6 But somebody that, who is just, it was kind of like a guardian angel, just sort of 
sitting there behind me.  Well, not so much a nudge.  Nudge is, it wasn’t the 
nudges, it was the, sort of, standing alongside and being with me…..Standing 
beside and taking me, you know, coming along with me. 
Participant 7 The, um, text messages were helpful because they represented a presence, a, sort 
of, a, a wee bit like a, um, a health, ah, advisor type that you get in gym, in a 
gymnasium, and pay for huge amounts of money for them to encourage you to do 
stuff.  Um, and, so, all the, that was probably the biggest fac…, the main factor 
was the, just the, that you knew someone was looking down on you, or not looking 
down on you, but looking at, for you. 
Participant 8 Cause I was, it was like having somebody look out for me, but you know, not 
beating me over the head with big stick or anything, but there was somebody 
looking out for me and, and um, it just, I found that encouraging 
Participant 
11 
They were nice to get and I think probably over time, that sort of built up to a bit 
of a form of support where, you know, you know, just to put it bluntly, you know 
someone out there that’s interested in how you’re doing with your exercise and 
that so yeah. 
Participant 
15 
Oh they certainly did help to motivate me because before that, it was entirely up 
to me whereas this way, it was like I had somebody helping me out.  Somebody 
was helping to keep me motivated so I knew that there was somebody there who 
was actually looking out for me 
Participant 
17 
Oh, um for me it was about suddenly it felt like somebody was actually really 
interested in my progress 
Some participants reported they responded more positively to a third-party than they would 
have to a family member. This third-party involvement was acknowledged by several 
participants who regarded it as beneficial in aiding motivation.  Additionally, some 
participants were quite isolated geographically, socially, or lived alone and for them this 
third-party contact was really welcomed.  This method of remote support offers potential 
possibilities for delivery of rural health care, with telehealth presenting an option to reduce 
rural health inequalities through improved accessibility.  In other populations, timing and 
transportation are identified barriers to attendance at rehabilitation programmes.457  Results 
have demonstrated that outcomes in the delivery of home-based exercise programmes are 







Table 7. 26: Quotations on third party involvement in providing support and motivation 
Importance of third-party involvement 
And somebody independent, who isn’t, um, invested in ‘me’.  Um, you know, as if, you know, as a  
family, you know, not like… I mean, my family doing that, it wouldn’t have made the same  
difference, but just somebody who really shouldn’t have mattered, but they did matter.  
Participant 6  
 
No I’ll just say I really enjoyed that, I enjoyed having, I enjoyed the fact of knowing that there was  
somebody out there who actually cared about my health other than myself and my direct family,  
you know that will help, mmh. Participant 15 
 
Yeah.  So, it was really valuable to me because I didn’t have any other kind of support, apart from 
my daughter, in the background, encouraging me and, you know, just asking me, generally, how it 
was going and things like that. Participant 3 
 
Um, I live on my own and there’s nobody to sort of run things by or you know, um, encourage me to  
do anything. Participant 8 
 
My life is quite insular and I isolated and so um...it was yeh it was nice because I felt like somebody  
was taking an interest in my progress. Participant 17 
 
 
7.3.6 Theme 6: Barriers and enablers to participation 
 
For the cohort who participated in the exit interviews, a number of barriers and enablers to 
being physically active were identified (Table 7.27).  
 
➢ Sub-theme 6.1: Barriers 
 
Barriers to participation in physical activity can be broadly classified as personal, social or 
environmental. Barriers to activity are commonly cited in the literature and it was 
identification that a lack of motivation was the commonly cited barrier in our initial study 
(Chapter 3) that formed the foundation for the development of our intervention study 
(Chapter 6). Interestingly, motivation was not mentioned as a barrier in the exit interviews, 
which suggests this barrier might have been addressed effectively in the study design. 
Barriers that were identified were: fatigue, being too busy, the timing of the exercise class, 
difficulty with carrying out the exercises at home, blaming self, cost, lack of enjoyment, lack 
of perceived benefit, weather, living alone, life stresses, mood, injury or illness, fear and the 
impact of existing health conditions. Several of the barriers identified were consistent with 





of time, financial costs, entrenched attitudes and behaviours and existing chronic health 
conditions.234   
Having an awareness of why an individual does not participate in regular physical activity is 
vital to supporting behaviour change.234  Even where there is an expressed intention to be 
physically active, this does not always result in action459 as without knowing the  barriers and 
circumstances, it is impossible to support patients effectively through appropriately tailored 
interventions and the development of if-then strategies to assist in self-regulation and aid in 
the attainment of goals.459  This awareness highlights the importance of the initial interview 
undertaken at the start of the study which will facilitate getting to know the participant and 
their unique situation and barriers. 
It is important to note that some of the barriers highlighted by participants were considered 
less of a barrier as a result of their involvement in the study. For example, in relation to the 
weather: 
“In the beginning, anything could put me off  
actually, you know, whether um too hot, too cold, wet, windy” Participant 8 
Or, with regards to exercising at the beginning of the study: 
“Initially, I didn’t quite enjoy the exercises  Participant 5 
“Not be afraid of going uphill, you know,…, I [used to] look at a slope and  
think, “oh, I can’t go up there.” “ Participant 6 
 
Table 7. 27: Quotations regarding perceived barriers to activity of study participants 
Barrier to activity Quotations 
Fatigue Although I get really fatigued afterwards but I feel good that I’ve gotten out 
and done something. Participant 1 
Too busy/lack of 
time 
Leading up to Christmas, when I got really busy, I couldn’t fit it [the exercise  
class] in. Participant 2 
 
When it became, you know when life got progressively busier and there wasn’t  
the opportunity for the regularity of the gym, they had less of an impact I think.  
Participant 12 
My life has just been really full-on over the last few months. Participant 9 
Timing of 
exercise class 
Yeah, mostly the, um, unfortunate work schedule.  So, it was the timing of the  








And even if I found it hard to, like, do, you know, like, the chair-to-stand sit- 
ups…Yeah, sit-stand… if I found it hard to do, Participant 3 
Blaming self Yeah.  Blaming myself for being in, out of condition.  You know, 'cause I was 
always a very active, very sporty, musical, creative, kind of person.  And it 
was, like, that was all just gradually and steadily disappearing out of my life.  
And it was very dull and boring.  And I didn’t know how to regain some of 
that. Participant 3 
 
I think. I’m not, I’m not good on my own. I can easily talk myself out of things.  
Participant 9 




Initially, I didn’t quite enjoy the exercises. Participant 5 
Lack of perceived 
benefit 
Yep.  I, sort of, struggle to do them [strengthening exercises].  I struggle to think  
how beneficial they were.  Participant 6 
 
Weather I think, yeah, and I did think that that was a problem, ah, dealing with the  
weather, you know.  Oh, it’s all very well saying, “get out there and do  
something this weekend” Participant 7 
 
Um, you know, even, on days when I sort of, if the weather was a bit iffy, I could  
be easily put off. In the beginning, anything could put me off actually, you know,  
whether um too hot, too cold, wet, windy, um [laugh] Participant 8 
 
I went now, …, if you look out the window, I am not going out there today with  
that dog Participant 15 
 
Yeh I think there's just, you know again small things, so ah yeh, and I think with  
the weather change over the last week as well it's been a bit funny. Participant  
16 
Living alone Yeah.  So, it was really valuable to me because I didn’t have any other kind of  
support, apart from my daughter, in the background, encouraging me and, you  
know, just asking me, generally, how it was going and things like that.  
Participant 3 
 
Um, I live on my own and there’s nobody to sort of run things by or you know,  
um, encourage me to do anything. Participant 8 
 




I wanted to do it. I really did. My life has just been really full-on over the last 
few months and ah yeah, probably just ___ unfortunately, but um, yeah, I 
mean I enjoy being involved in studies like this, um, but yeah, I just, probably 
timing wasn’t good for me. Participant 9 
 
I think, again, you know, my headspace kind of mattered. Participant 10 
The impact whether it was positive or negative depended on whether I was  
feeling positive or negative about my exercise that day. Participant 12 
Injury or illness I can’t do it because I’m injured. Yeah, if you’re injured, you can’t even walk 






Well yeah, because if you don’t do it, like I was laid up for a while and I kept 
on wanting to get back on it because you’re thinking I’d already lost this much 
time, there’s only so much time to the study and you should be so much more 
advanced on this than what you are. Participant 14 
 
Yeh. It was kind of more about the fact that the ME was the nuisance factor. 
Participant 17 
Fear  Not be afraid of going uphill, you know,…, I [used to] look at a slope and  
think, “oh, I can’t go up there.”  Participant 6 
 
 
➢ Sub-theme 6.2: Awareness of health limitations  
 
The most frequently acknowledged barrier in the study was the impact of other health 
conditions on the participants’ ability to be active. Barriers, real or perceived, are likely to 
become increasingly common given the increased incidence of co-morbidity. Higher 
prevalence of co-morbidities are associated with a greater risk of physical inactivity in those 
who are classified as having severe obesity.460  Participants in our study showed clear 
awareness of the impact of their health conditions, including obesity, on their levels of 
function and participation.  
 
 
Table 7. 28: Participants acknowledgement of the impact of health conditions 
Participant Quotations 
Participant 3 I knew that, over the years, that I was getting weaker because there were things I 
used to be able to do, that I could no longer do, or I was struggling to do. 
Participant 8 I can’t lie flat on my back. I can’t, I can’t breathe properly. I can lie on my back but I 
can’t breathe properly when I’m lying on my back, and um, if I walk too fast or in a 
hurry even for a short distance, I just can’t get air in. I can’t breathe. So I’ve, but all 
the tests have found my diaphragm is, my lungs are smaller than normal, and my 
diaphragm is higher, my left diaphragm is higher than normal, and so well I’ve had 
loads of tests, you know, neurology tests and all this sort of stuff to see what might 
be happening or causing that and there’s no explanation, um. At night time, my 
breathing is so shallow my oxygen levels were low and ah so I’m on oxygen at night. 
Participant 8 Well, I’ve had loads of tests to try and understand why my breathing is so bad at  
times. They haven’t found a cause or a cure for what it is, um so because, there’s no  
medication or there’s nothing I can do to make this any better….even knowing, like  
my condition, I don’t even know if I could’ve kept going to be honest. 
Participant 10 Um, I think it was probably more, like, when I was more depressed. Like, some of the 
later ones did [motivated me].  I think, again, you know, my headspace kind of 
mattered. 
Participant 13 I just had to listen to your body and not do too much. 





Participant 15 Just my health, my general health as I’m getting older, you know, my body’s starting 
to fall to bits and if you’re sedentary, it doesn’t help. 
Participant 17 Suddenly my life had changed beyond what I ever thought it was going to be and,  
and in a negative way [health wise]. Yeh. It was kind of more about the fact that the  
ME was the nuisance factor. 
 
 
➢ Sub-theme 6.3: Enablers  
 
An interesting observation from our study was that participants viewed their existing health 
conditions as both a barrier and an enabler.  Although they considered that physical activity 
could be difficult due to health constraints, the attitude that they needed to change something 
to improve their health was an enabler, as it provided motivation for change.      
A clear focus for some participants was the opportunity to participate in physical activity [as 
part of the study] as a catalyst to change, as well as finding a way to obtain health benefits 
through healthier ageing.  A focus on healthy ageing has been identified as an enabler in the 
literature.234  Kelly’s rapid systematic review published in 2016 reported that in nine of the 19 
included studies on physical activity, improvements in health were cited as a motivation for 
involvement in physical activity.234  In a qualitative study involving 15 adults with obesity 
and OSA, reducing the risk of medical conditions impacting future health was perceived as a 
positive outcome from engaging in physical activity.428  Having a strong enough personal 
incentive to change, such as future health, appears to be a key factor in the decision to 
become physically activity.428  
There is evidence of the benefits of physical activity across multiple different health 
conditions. A review undertaken by the New Zealand Guidelines Group (2011) on the current 
evidence on physical activity for older people, concluded that there was supporting evidence 
on the benefits to health and physical functioning in the management of vascular disease, 
heart disease, stroke, cancer, arthritis, obesity, T2DM, pulmonary diseases and depression.461  
Another concept identified as an enabler by study participants was that being in the study 
represented an opportunity to try out different things and be exposed to new ideas, 
predominantly through attendance at the exercise class.  This idea of access to local 
community-based exercise groups and the guidance of a health professional are both enablers 






Table 7. 29: Quotations regarding perceived enablers of activity of study participants 
Enabler Quotations 
Recognition of the 
need to change 
something 
I realised I was actually just getting weaker.  You know, generally, physically  
weaker. And I wanted to find a way to strengthen that. Participant 3 
 
At this stage of my life, I really had to get out there and do something,  
otherwise I was going to go down into such a big hole that it’s going to be  
almost impossible to dig my way out of. Participant 4  
Motivation despite 
health conditions 
Although I get really fatigued afterwards but I feel good that I’ve gotten out  
and done something and you know, I’m working towards being healthy even  
with my disability. Participant 1  
 
You know I’ve had, like, liver and heart issues, so, I wanna, I wanna… yeah, get  
those under some semblance of control. Participant 10 
 
I need to get my shit together.  I need to be working on my health, you know,  
I’m carrying more weight than I, you know, than I want to. Participant 12 
New ideas Yeah, ‘cause there were simple things that I could put in place that I hadn’t  
actually just thought about doing.  Like, um, like, doing the exercises in the  
morning, at home. Participant 3 
 
And we would actually come up with different suggestions for each other, just  
to see how we’d go, and stuff like that.  You know. Participant 3 
 
Um, and, ah, to, some of the suggestions, I think, were very good, for example,  
to do exercises with someone…Participant 7 
Opportunity I thought it was really good that when you went to the gym we had all different  
activities, that we could do the bike, we could do walking, we could do rowing  
and I think having all those different activities allowed me to increase my  
activity within exercise by doing a range of activities. Participant 1 
 
Ah, yeah, quite possibly.  I mean, I’ve never been to a gym programme, except  
for when I’ve injured myself, you know, for physio, for rehab.  So, I’ve never  
really sort of been to a gym class before, so,…, so that was quite good.  Um, I  
found that encouraging.  I think, yeah, I’ll probably try and make time for it now  
that I’m working in the city. Participant 2 
 
And it was actually really cool because it built in the variety aspect.  Because if  




7.3.7 Theme 7: Self-management 
 
Self-management has been described as the ongoing management of chronic conditions by 
the individual concerned.462  Study participants reported on a number of factors which 





towards self-management.  These included establishing habits, doing more, goal setting and 
evidence of empowerment.  
Habit formation is recognised as a key behaviour change technique284 and the strength of a 
habit can moderate the intention-behaviour gap.463  Kaushal and Rhodes in their 2015 study 
of new gym members argued it took a minimum of four activity sessions a week for six 
weeks to establish an exercise habit.464  This notion of developing a habit was reflected by a 
number of the intervention study participants. Establishing an exercise habit relies on the 
individual’s self-regulation465 and this was evident in some of the participant responses 
(Table 7.30). For example, participants recognised that an outcome of being in the study was 
that they were doing more and taking more ownership of the decision-making process.  There 
was also evidence of a shift towards taking responsibility for exercise, with some participants 
recognising they were no longer reliant on the text messages, outlining examples of problem-
solving, and demonstrating confidence and pride in their efforts.  The increased awareness 
and responsibility came through in examples such as a commitment to continue, making time 
for exercise and setting achievable goals. 
One of the aims of the feasibility study described in Chapter 6 was to increase activity levels.  
Several participants reported they experienced increased levels of activity (Table 7.28) and 
reported that they were doing more physical activity or were more likely to make the decision 
to do so, rather than putting it off for another day. This was confirmed by the positive trends 
observed in the feasibility study (Chapter 6, section 6.3).  
Other participants discussed goal setting and working their way towards meeting goals. Goal 
setting is well established as a behaviour change technique284 and is one of the most 
commonly employed behaviour change techniques in the physical activity literature.283  Goal 
setting has also been shown to be most effective where it is targeting a behaviour rather than 
an outcome.283  In our study, the focus of the text messaging was on suggested behaviour, for 
example: 
Hi [name], why not aim to get out for a brisk walk today while the sun is shining. See if you can 
walk for slightly longer than you did last time. 
 
The sub-theme of empowerment was also an enabler that arose from the interviews. Several 
participants reported that they viewed the study as having helped them evaluate their current 
health and as offering a way forward towards improving their health. They saw this as an 






Table 7. 30: Quotations regarding self-management related themes 
Sub-theme Quotations  
Establishing a 
habit 
Going for those walks, they sort of, yeah, I like it 'cause it sort of gives me 
regular movement before I start my day. Participant 2 
 
I think I’m at the stage now, I don’t really need them anymore.  Um, 'cause it,  
you know, like I say, our last meeting, yeah, I just, I’ve got to about second gear  
now, and I’m just, yeah, I don’t need motivation, I’m out there doing things.   
Participant 4 
 
Yep, um, yeah it was almost like um, I’d established, you know, I was sort of  
establishing the pattern, a daily pattern or you know, and if I didn’t manage to  
do one day, it didn’t sort of, I didn’t feel put down, or I didn’t sort of feel, you  
know, beat myself up about it. Um, and it was just great, yeah, just to keep  
getting them. I was, and I was conscious that they were slowing down, you  
know, but that didn’t seem to matter at all. Participant 8 
 
I felt that, um, it was just reinforcement for what was going on. 
Participant 7 
 
I guess I got, both because I got used to them and because I had established  
earlier on at least something of a, you know, trying to establish a pattern, they  
were I guess supplementary to the other stuff that was happening if that  
makes sense. Participant 12 
 
I had breakfast and then I’d do it just so that I could get it out of the way.  
Participant 14 
 
Well after the initial three or four week burst, they started reinforcing what I  
was already doing. So it was most along the lines of once I'd formed those  
habits, those motivational text messages continued or helped with keeping  
that habit in check. Continuing doing what I was doing. Participant 16 
 
I'm quite missing those messages [laughs] but the habits of doing some  
exercise was um...it had become a habit by that time and so it was like oh, I  
haven't had a message today, I better get out an exercise. Participant 17 
 
That sort of motivated me to join a gym so since then, yeah since then, I sort  
of went back to probably not paying that much attention to them, although  





I didn’t feel like I had to exercise, I just sort of carried on doing it for myself 
rather than thinking, “oh, I’ve got to get out and do the exercises to be able to 
say I’ve done it.”… so it’s back down to your, to myself just to keep myself 
motivated Participant 5 
 







well there’s no-one to keep an eye on me now so I’ve just gotta make sure I 
do it myself (laughs). Participant 15 
 
‘Cause you know, it made me feel like I have a responsibility to do it.  
Participant 14  
 
…but useful to have them [the texts] to go back to because I never deleted any  
of them. They're sitting there as a motivating factor for me when I'm feeling a  
bit slack, yeh. Participant 11  
Persistence – 
keeping at it 
I think, yeah, I’ll probably try and make time for it now [going to the gym] 
that I’m working in the city.  I might and try and make time for, you know, 
one, organise one for myself so that I can go.  Participant 2 
 
I just got stuck in and did it.  I mean, it’s not a huge garden, but, you know, 
it’s enough for me. [After hours of gardening] Probably, was really sore the 
next day, and the day after, just because I hadn’t used those muscles so 
much.  But nothing that didn’t deter me from my normal work at my job, and 
things like that. Participant 3 
 
Ah and doing the stuff it suggested.  I, you know, just keep, keep working at 
it. Participant 7 
 
I wish I had had more effect on my weight but that may not be to do with, you 
know, that’s not solely to do with the study but it, you know, it has given an 
ongoing incentive to keep working on things. Participant 12 
Problem-solving And even if I found it hard to like, do,…. 3 lots in a set, what I’d did was I broke  
it up, and I’d do one lot of everything, and then do that 3 times.  Participant 3  
 
Yeah, 'cause there were simple things that I could put in place that I hadn’t 
actually just thought about doing.  Like, um, like, doing the exercises in the 
morning, at home. Participant 17 
Doing more And, ah, yeah, it’s got me increase my activity levels.  Yeah.  Started walking  
and, ah, riding my bike more often. Participant 2 
 
Yeah.  It’s like, I think, I didn’t even really consciously think about it, or build up  
to it.  it was like, “oh, I might and do that this morning.”….And I just went and  
did it.  Whereas, 12 months ago, I may have thought, “I’d really like to do that  
tomorrow, but I’ll see how I go.” Participant 3 
 
I was ok with it [the text messages stopping] because I still, actually my exercise  
as I said has increased since the last time we met. Participant 13 
 
‘cause I was like you know, this is coinciding with my exercise pattern and yeah  
it make me exercise more and I was actually getting out for more walks and  
taking the dog to the beach and actually thinking about doing these things.  
Participant 15 
Goal setting It was really good for me to have some physical fitness going on, and some  
ideas and goals around fitness.  Participant 2 
 
So I start hitting the gym pretty hard but then I cut down on my food intake as  





yeah, it’s probably become a little bit more important now actually ‘cause I’m  
sort of working towards a goal. Participant 11 
 
So… I worked my way up to a half an hour on the treadmill. Participant 14 
 
Reminding me constantly that it's something that I can work towards and they  
were a good tool to help. Participant 16 
Empowerment Um, discovering a way forward.  It was like I’d been hitting brick walls for  
several years, trying to find a way to get some regular exercise, to be able to  
strengthen my body again, because I could just feel it getting weaker, and I  
didn’t like it.  I mean, it’s only half a life. Participant 3 
 
It’s, like I say, it’s given me another step in life, given me motivation to get out  
there and do things again.  Participant 4 
 
I don’t want to be a spectator; I want to be a participator. I want to do the  
things that I was dreaming about when I was 20, that I didn’t have time, or  
finance, or whatever to be able to do when I was 20. This is my time.  This is  
my time for me to have the fun and the long-awaited, put-off things, you know,  
from the rest of my life, that we all have. Participant 3  
   
Um, being able to go for walks with my daughter and her children. And …not 
be afraid of going uphill because that’s all there is out here.  It’s just hills, and 
I’m not afraid of them now, whereas I, you know, I look at a slope and think, 
“oh, I can’t go up there.”  And I, and, um, and knowing that I’m one of these 




7.3.8 Theme 8: Investment in the study 
 
Some participants appeared to become more invested in the study as their time in the study 
increased and began to consider they had something to contribute beyond their initial 
participation. This theme highlights the ways participants demonstrated investment in the 
study and found their voice.  Their perception of the study as being important, as a result of 
their own experience and the contribution they were making, resulted in some participants 
making suggestions for improvement, such as participants’ receiving regular feedback on 
activity levels.  Engaging patients in planning research studies is becoming commonplace and 
inviting participants to have input has ensured that the intervention has relevance to the 
intended patient group.466  Although the participants in our intervention study were not 
involved in the study design, they provided useful feedback in their reflections, during the 





Based on their own experiences some participants commented on the potential value the 
study could have to others. Other participants enjoyed the idea of contributing and giving 
something back and doing something useful through their participation. Going forward, it 
would be important to develop a partnership with intended end users where they are active 
partners in informing both the design466 and delivery of healthcare research.467 
 
Table 7. 31: Quotations related to participants perceived investment in the study 
Investment in the study 
Perceived 
importance of the 
study 
No, I’m actually just really thankful that it’s there.  That the opportunity is  
there.  Not just being a part of the study for your research and your PhD.  I  
think that’s really important because I think it’s really important information  
that needs to be gathered to make people more aware that, even though you  
do have, um, like, inhibitions physically, there are still things that you can do  
to have quality life. Participant 3 
 
Ah, it was, it was just good to know that, um, this, it was all part of a grand  
design, really, in a way to, um, to, ah, encourage me and be part of, part of  
the study too, I guess.  I, it made me, ah, feel more aware of the, ah, health  
benefits of keeping active, um, that it was all also part of the work being done  
on sleep apnoea. Participant 7 
 
Um, I hope you can keep this up because I’m sure, you know, other people are  
just the same, the same position, who want to do it but just can’t get going.  
Yeah, yeah, so I really, really hope it keeps going because I’m sure it’ll be 
invaluable for other people, not just for me.  Participant 8 
 
[being in the study] it makes you fit and it was helping to motivate me. I think  
if they can do that for me, what can it do for other people who perhaps are  
lacking in self-confidence or lacking in self-esteem, you know who just don’t  
want to get out there, they just need that little bit of extra motivation, and  
sending out a text to a whole bunch of people, even if you only get 1% or 10%,  




It’s modern technology, ah, its, um, purpose is very definite, it’s part of a 
study.  Um, I can be helpful to this person whom I think is doing really, ah, 
important work.  Participant 7 
 
just made me feel like I was contributing to society, is an easier way of  




Um, it would possibly be interesting to monitor, for the participants to be able 
to monitor their own, to monitor themselves somehow to see some sort of 
achievement.  I don't know if that’s possible, you know, um, if it was, I guess if 
there was some feedback on their own level of activity during the study, or,  
you know, if any, yeah, so, the idea of actually getting some feedback on your  







So, I think you need feedback from us, from the participants so that your text  
messages can be… you know, you might have a group of people, I’m sure you  
do bulk send-out of messages, you don’t type each one individually, 'cause  
you couldn’t do that.  But if you have a group that you know is progressing,  
you could have particular messages for them.  Participant 6 
 
If there was more of a competition aspect to it, I think that the motivation  
would be increased but... Yeah, sort of like they do in Soul Cycle.  Yeah, where  
you don’t know who in the room is at the top but however, you know, that’s  
the person you’re competing against. Participant 14 
 
I think, …, for me personally, I thought you know this is something that, from  
a Government’s point of view, that if you look at how much is spent on  
obesity, on liver disease, on diabetes, how much is spent on that every year  
and what it causes, the pressure it puts on our health system, you can reduce  
that even by a miniscule amount, I would be interested to see what the cost  
effectiveness of that would be as opposed to, you know, if you relate it back  
to the savings that it could actually give into the health system.  So that  
would be, for me that would be the next step that I’d like to, personally I’d like 
to see if there could be benefits, which I think there probably would be but it’d 





The findings of the qualitative study were grouped into eight key themes (Table 7.1).  There 
was a clear distinction between themes but together they provide an in-depth analysis of 
participants’ perceptions of the intervention.  
The recognition by participants of physical activity as being worthwhile was a key theme 
identified in this study, which linked closely with other key themes such as motivation. 
Developing an appreciation of the benefits of physical activity can influence motivation 
through altering beliefs regarding physical activity and exercise. This can positively affect 
outcome expectations which, in turn, can increase physical activity engagement.  Motivation 
to be physically active can be influenced positively or negatively by other interventions such 
as text messages. The findings endorsed the need to consider the relevance of the messaging 
to the individual, in terms of characteristics such as content, timing of delivery and 
frequency.  The importance of personalisation of messaging was key and the development of 
a relationship with the researcher, who was also sending the messages, appeared to positively 
influence their effectiveness from the participants’ perspectives.  Having a clear 





important.  The idea of having someone out there supporting them was raised by the majority 
of participants as a positive factor.  Thus, both personalisation and the researcher relationship 
appeared to enhance the connection the participants had to the study.  
The effectiveness with which barriers and enablers to activity have been considered and 
addressed can also affect motivation and the outcomes of physical activity behaviour. In our 
study most participants highlighted their existing health limitations as a key barrier to 
participation.  Conversely, these same co-morbidities were also regarded as enablers, since 
some participants recognised the importance of taking control of their health to enable better 
health and quality of life in the future.  The long-term effectiveness of any intervention 
hinges to some extent, on the intrinsic motivation of the individual once the study support 
ceases.  In our findings, a move towards self-management, as evidenced by independent goal 
setting and habit formation, supported the finding that participants took more responsibility 
for their health outcomes.   
As participants became more invested in the study they appeared to take on a form of 
ownership, for example by providing suggestions for improvements to the research and in 
suggesting others would benefit from being involved.  In a future study, the opportunity for 
participants to have ownership could be strengthened by allowing participants to make 
suggestions regarding study design and delivery by formalising their involvement in a 
collaborative co-design process at every stage. 
 
7.5 Study strengths 
  
A key strength of the study was that it provided an in-depth illustration of participants’ 
perceptions of the intervention study, deriving greater understanding of its feasibility and 
acceptability.  The open-ended nature of the interview questions, and the flexibility to ask 
addition questions where relevant, supported the collection of detailed data. 
The decision to use semi-structured phone interviews shortly after completion of the 
intervention study was both timely and convenient, resulting in a high response rate. 
In addition, the independent coding of the transcripts by two researchers (SR and CH) 
employing the same thematic analysis methodology ensured proper verification of the data in 





7.6 Limitations of the study 
 
The researcher acknowledges that there was an epistemological bias toward physical activity 
being beneficial for most people and that sleep is an important, but often undervalued, 
component of good health.  Since being physically active is an important part of this PhD 
candidate/researcher’s life it is likely that assumptions have been made that it is important to 
others too.  Therefore, expectations prior to the study were that the individuals involved 
would express health concerns and/or goals related to improving health and fitness and that 
engagement in physical activity would be important to them.  
Given the prevalence of obesity and OSA in the adults in the feasibility study, the researcher 
was also aware of the potential discordance in understanding and empathy between being an 
interviewer who had neither obesity nor OSA and undertaking interviews with participants 
who have both. The researcher had no first-hand experience of the stigma associated with 
being obese. However, the fact that the interviews were conducted via phone may have 
mitigated this to some extent.   
Other assumptions were that barriers to physical activity can be overcome, that physical 
activity is important to people and that others recognise the health benefits (physical and 
mental) of physical activity and sleep health. As the researcher makes exercise a priority in 
her own life, it may be hard for her to appreciate the situation of others who may need to 
prioritise other things first.  Individuals may also have been subject to multiple constraints 
including time, transport, financial limitations and fatigue. These are all factors that may have 
had an influence on the low level of motivation to exercise but which were not part of the 
investigation per se. 
Overall, it is recognised that the assumptions described above may have had some influence 
on the researcher’s examination and interpretation of the study themes.  Additionally, the fact 
that the researcher was not blinded to group allocation may have introduced significant bias.  
The interviews may have given rise to a risk of social desirability bias with participants 
potentially responding in a way that supported the research outcomes.456  For example, 
participants may have over reported the positive effects of the text messaging or their 





The analysis of the raw data by the researcher is likely not the only interpretation and it 
should be acknowledged that another qualitative researcher, with a differing epistemological 
approach, might interpret the data in an alternative manner. 
Another limitation of the study was that member checks were not undertaken for this piece of 
research. That is, the transcripts were not returned to study participants for verification or 
correction.  This process is recommended in some areas of qualitative research468 and could 
be considered in a future study. 
Furthermore, the exit interviews were not standardised across all study participants, since 
some participants attended just the exercise group, some just received text messages, and 
some participated in both interventions.  In the case of the group receiving both, the interview 







CHAPTER 8: GENERAL DISCUSSION 
 
8.1 Chapter overview  
This chapter provides an integrated summary of the key findings of the studies undertaken in 
this thesis to investigate the feasibility of telehealth to support an increase in physical activity 
behaviour in adults with OSA.  It reflects on the strengths and limitations of the studies and 
highlights the important clinical implications of the findings and how these might be 
implemented, in addition to making recommendations for future research.  
 
8.2 Key findings 
 
8.2.1 Motivation and pain as barriers to activity in OSA 
 
This thesis was the first to examine physical activity levels in a population at risk of OSA.  
Physical activity as a management option in patients with OSA is gaining wider acceptance 
and multiple studies have demonstrated benefits in this population group89, 119, 153 yet 
questions regarding physical activity in adults with OSA remain.  Levels of physical activity 
in the population with OSA are largely unquantified and prior to our study perceived barriers 
to activity in a New Zealand population had not been examined.  In the region where the 
research was undertaken physical activity is not considered as a part of the assessment for the 
population with OSA nor offered as part of the management. 
Our initial study described in Chapter 3 sought to quantify typical weekly activity levels in a 
cohort at high risk of OSA and compared this with WHO physical activity 
recommendations.23  Self-reports demonstrated that over a third (37%) of the participants did 
not meet the WHO weekly guidelines. This is similar to the wider NZ population figure of 
35.2%.10  The most commonly cited barriers to activity amongst the study cohort were lack of 
motivation (78%) and pain (55%).  Within the general New Zealand population, the main 
barrier to participation in physical activity is other commitments in the form of work and/or 
family (58%).469  From a global perspective some of the identified barriers to activity in the 
general population are the increase in urbanisation and the resultant increase in traffic, 





Low motivation is a commonly cited barrier to physical activity in other populations with 
NCDs irrespective of age,470 gender,471 ethnicity,472 socio-economic status272 and 
geographical location,261 and has previously been acknowledged as a challenge in the 
population with OSA.428  Due to the heterogeneity of methods used in the literature and the 
qualitative nature of some studies (observation sessions,473 semi-structured interviews474 and 
focus groups233) barriers to activity were rarely weighted or ranked.  Thus, it was not possible 
in our review of the literature [summarised in the table in Appendix 14] to determine whether 
low motivation was the most frequently cited barrier in other studies.  What is certain is that 
low motivation is a common symptom in adults with OSA and needs to be addressed if this 
barrier to physical activity is to be overcome.  
Pain was also commonly cited within our study, which suggests pain might be a common 
barrier to activity in people with OSA.  Pain has previously been highlighted as a hinderance 
to being physically active in this population428 but there is there is a paucity of pain-related 
research in the population with OSA; the only article to specifically address this concluded 
that no association exists between pain and OSA.475  However, it is known that poor sleep 
quality is associated with pain in the general population and studies have demonstrated that 
pain sensitivity is adversely affected by disordered sleep.476  Pain has not been captured in 
any of the commonly used Sleep Health outcome measures, such as the ESS,162 STOP-
BANG questionnaire477 or FOSQ.378  Other conditions associated with OSA and which 
commonly present with pain, such as OA, might be confounding factors making it difficult to 
draw clear conclusions.  Exploring pain in the population with OSA was beyond the scope of 
this study but is an area that would benefit from further investigation. 
Despite identifying barriers, the majority of participants in our study recognised that physical 
activity made them feel good and gave them confidence; most participants (88%) 
acknowledged that they would like to be more physically active. Lack of motivation coupled 
with an expressed desire to be more active raised the question of how best to support a cohort 
with OSA to change their physical activity behaviour.  From our findings, we sought to 
understand how we could best enhance motivation to support individuals with OSA to be 
more physically active, as it appears that simply prescribing exercise is not enough.  A 
systematic review and meta-analysis published in 2018 reviewed the efficacy of 
physiotherapy-led interventions to support increased physical activity levels.478  Overall, the 
findings suggested while that most physiotherapy interventions had a small impact on 





Although six of the eight included studies used behaviour change theory in their study design, 
none of the studies incorporated a motivational element.478  It has been previously proposed 
that a person-centred approach in conjunction with tailored behaviour change techniques may 
positively impact adherence to physiotherapy interventions.479  We concluded in Chapter 3 
that it may be necessary to consider a motivational component in addition to behaviour 
change techniques for the long term maintenance of physical activity in people with OSA. 
The link between the thesis studies is represented in diagrammatic form in Figure 8.1. 
 
8.2.2 Text messaging as a form of motivation 
Based on the findings from our descriptive study in Chapter 3, one option we considered as a 
means of enhancing motivation was a combination of telehealth and a patient-centred 
approach.  A literature review (Chapter 4) was subsequently undertaken to determine the 
factors that needed to be considered when using text messaging as a motivational tool. In 
Chapter 4 the effectiveness of text messaging to increase physical activity behaviour in other 
populations was also explored.  The findings of this review informed the design of the focus 
groups and semi-structured interviews we used to explore the feasibility of text messaging as 
a means of providing motivation to be more physically active in those with OSA (Chapter 5).  
This concept had not previously been studied in such a population. 
Questions regarding the content, frequency and timing of text messages formed part of this 
focus group study.  Overall, the idea of text messaging as a motivational tool was well 
supported by participants (Chapter 5).  The key themes were related to the timing of texts, 
personalisation of texts, accountability for actions, feedback on previous efforts and content 
that was varied, interesting and educational.  More specifically, feedback from participants 
highlighted the wish for texts to be personalised, timely and goal focused.  These outcomes 
supported the results of the existing literature which highlights the role of personalisation249, 
260, 266; real time delivery at the point of action259, 448; and goal focused messaging89, 256, 448 as 
core components to enhance patient engagement.  The importance of positive messaging was 
also stressed by our study participants and is in line with the existing literature, which 
suggests a positive focus to text messaging is associated with higher levels of physical 
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Figure 8. 1: Diagrammatic representation of the studies within the thesis 
 
 






Although group-based physical activity interventions provide social connectedness,454 which 
can aid in reducing rates of attrition, research has shown that a non-group based intervention 
is preferred by some patients with cost, time and family constraints cited as barriers to class 
attendance.481  An individualised programme that can be undertaken in the person’s own time 
affords an element of responsiveness to meet the needs of the participant.  Supporting such a 
programme with text messaging may serve to better enhance motivation and, consequently, 
may have a greater impact on behaviour change over time.249, 482  
Based on this perceived acceptability of text messaging as a form of motivation described 
above, the focus group findings (Chapter 5), that the messages be personalised, timely and 
goal-focused, were incorporated into the methodology for the subsequent feasibility study. 
(Chapter 6).  The aim of this study was to assess the feasibility of a text messaging 
intervention to increase physical activity behaviour and enhance self-efficacy in an adult 
population with OSA.  Personal information was gathered from each participant, including 
names of significant others, names of pets and preferred activities to enable personalised 
construction of texts [Appendix 31].  Participants were also asked about their preferred time 
of day to receive texts and when they had the opportunity to be active so that, where possible, 
texts could be delivered at the point of action.  Action planning and goal setting, which are 
established behaviour change techniques,284 were used to ensure text message content was 
meaningful to the individual [Appendix 28].  Lack of personalisation, where information is 
not linked to the individual’s goals and achievements, is known to be a frustration to 
participants, in regard to text messaging interventions.260   
 
Despite its obvious benefits, telehealth is not without limitations.  The reliance on internet 
access or cell phone coverage means some individuals will inevitably be left out and the 
technical capability of the end-user is critical and not always guaranteed.483  However, 
technical ability is less of a requirement with text messaging as this does not require a smart 
phone and is relatively simple to use. 
 
8.2.3 Importance of human contact  
Our feasibility study (Chapter 6) was designed to incorporate both telehealth and face-to-face 
contact through an initial face-to-face information gathering session.  The 90-minute 





experience of their condition as well as gain greater awareness of any constraints they faced.  
The format of this initial interview included standardised questions regarding attitudes, 
barriers and the importance of physical activity to the participant together with collaborative 
goal setting to enable construction of personalised and meaningful text message content to 
motivate the individual.  A standardised protocol was used in the feasibility study but within 
this there was flexibility to tailor text messages, as this has been demonstrated to be more 
effective,341 and patient goals were developed to suit the needs of each individual.  Offering 
personalised support and treatment is one of the principles of a person-centred approach484 
and highlights the importance of a respectful and responsive collaborative partnership 
between patient and health provider to facilitate patient empowerment and aid the develop 
self-management.485 
The importance of face-to-face contact with a health provider in the initial stages of an 
intervention has been well documented.266  A systematic review of exercise interventions in a 
population with T2DM concluded that greater face-to-face contact was associated with better 
physical activity outcomes.486  This finding is further supported by a Cochrane review 
published in 2019, which concluded that interventions incorporating some face-to-face 
component were more effective than none at all.487  It is recognised that face-to-face contact 
can positively influence engagement with a text messaging intervention.266   
Face-to-face contact helps develop rapport between patient and health provider266 which can 
engender trust and allows for discussion of sensitive or personal issues.  The importance of a 
connection to the researcher was raised by several of the study participants and represented a 
strong theme premised in Chapter 7.  Participants reported feeling able to open up and discuss 
what was going on in their life (pg. 232).  The perceived relationship with the researcher was 
considered important in terms of adding motivation to the text messages received and the fact 
they were not just from anybody (Ch 7, pg. 232). Additionally, having an identified health 
professional sending the text messages engendered a sense that someone cared and was 
looking out for them, which acted as important motivator (Ch 7, pg. 235).  However, having 
the researcher involved in data collection, text message construction and data analysis, 
although necessary, did introduce a high risk of bias.  
This feeling of being supported, albeit remotely for most of the study, helped to keep some 





feeling of support is a recognised factor influencing engagement in a text messaging 
programme to support physical activity behaviour change.266 
An obvious drawback of a purely telehealth approach is that it discounts this power of human 
contact and connection.483  It has been suggested that face-to-face contact may offer a 
substitute to intrinsic motivation and therefore methods for increasing intrinsic motivation 
when using remote monitoring with patients need to be considered.488  However, it must be 
acknowledged that, it the current climate, telehealth offers advantages in the delivery of 
health care, most notably the reduced risk of communicable disease transmission.  
 
8.2.4 Feasibility of supporting a change in physical activity behaviour over time 
In Chapter 6 the feasibility of an intervention to support physical activity behaviour using 
motivational support.  This study established the feasibility of using a text messaging 
intervention alongside individualised exercise.  The outcome measures used were appropriate 
to the population in question and feasible in terms of data collection.  A key finding was that 
recruitment of participants from a population with OSA may require a different approach, 
since the approach used proved challenging with regard to obtaining participant numbers 
within the desired time frame.  Other outcomes suggested there was a trend towards increased 
cardio-respiratory fitness over time in all three groups. but questions remain as to whether 
any increase would be sustained in the long term.  It has previously been suggested that 
although physiotherapist-led interventions resulted in small improvements in physical activity 
they were not sustained in the longer term.478    The significant of any changes and whether 
they were sustained over time could be addressed with a larger sample size and a longer study 
time frame.  
Changes in physical activity behaviour by the participants were highlighted in Chapter 7.  
Some participants reported a perceived improvement in their fitness, a feeling of being 
stronger and a sense of wellbeing.  This manifested itself as being able to walk further with 
less effort, being able to undertake activities they had not previously been capable of doing 
and being able to spend longer engaged in activities.  This observed increase in physical 
activity reflects the positive trend observed in exercise self-efficacy over the same time 





8.2.5 Increase in exercise self-efficacy  
Self-efficacy is known to positively impact physical activity behaviour408 and is regarded as a 
critical element in sustained behaviour change241,282, 296 The link between exercise self-
efficacy and intrinsic motivation489 is therefore an important consideration if any observed 
changes in physical activity behaviour are to be maintained longer term.  At present the long-
term effects of text messaging interventions are largely unknown.318 
Importantly though the relationship between physical activity and exercise self-efficacy 
appears to be an interdependent one (Figure 8.2).  To date, the focus of most studies has been 
to increase exercise self-efficacy in order to effect physical activity behaviour change.282, 283, 
287  However, it is known that one of the key influences on behaviour change is 
mastery/behavioural capability.236  It could therefore be appropriate to acknowledge there 
would be a stated period of time for a person to be engaging in physical activity before 
anticipating any increase in exercise self-efficacy.  Although this may involve high levels of 
therapist support initially, support would be reduced as exercise self-efficacy increased.  
Support could be withdrawn completely once the patient had reached a point of establishing a 
physical activity habit.   
 












One aim of the feasibility study (Chapter 6) was to ascertain whether motivational text 
messaging would influence exercise self-efficacy.  Self-efficacy has been demonstrated to 
positively influence longer term behaviour change.294  The results of our feasibility study 
appeared to show an increase in exercise self-efficacy across all three groups at 12 weeks in 
our feasibility study, with a trend towards increased scores at 24 weeks in the groups 
receiving text messages. Self-efficacy is closely linked to empowerment although they are 
not interchangeable.490  Empowerment is the process of developing the capability and 
confidence to achieve something.491  It has been suggested that an increase in self-efficacy 
can result in an increased sense of empowerment.492  A sense of empowerment was expressed 
by participants in Chapter 7 in terms of discovering a way forward and taking responsibility 
for their own health (Chapter 7 pg. 248).  Participants reported an increase in confidence and 
seizing the moment; not putting things off to tomorrow.  They described a realisation that at 
the 24-week period it was up to them to keep their physical activity habit going and, at the 
same time, hold the conviction that they had the ability to do so. (Chapter 7 pg. 246)  
Patient empowerment is considered a key factor in delivering better health outcomes490 and 
forms part of the WHO global strategy on digital health.243  Our study did not use a specific 
outcome measure for patient empowerment as this was an unanticipated outcome of our 
qualitative exit interviews.  An outcome measure such as the Patient Perceptions of 
Empowerment Scale493 could be included in a future study.  There is currently limited 
research on the relationship between patient empowerment and self-efficacy in populations 
with NCDs. 
The use of goal setting and action planning, in conjunction with text messaging, may have 
supported the observed increase in exercise self-efficacy in our study; both are acknowledged 
as effective behaviour change techniques283 and as key components of person-centred care.494  
At the point of enrolment in the feasibility study, information was sought regarding ‘if then’ 
strategies to overcome barriers to activity459 and to assist in action planning.  Other 
information obtained was how important physical activity was to the individual participant, 
the physical activity goals they expressed, and habits described that might assist in achieving 
the goals they set [Appendix 28]. 
Interestingly, a notable barrier to self-efficacy in patients with chronic conditions that has 





possible solution to address this alongside the promotion of self-efficacy in those with long 
term conditions such as OSA.495   
8.2.6 Readiness for change  
In Chapter 6, a trend towards an improvement in stage of change was observed in all three 
groups at 12 weeks.  However, at 24 weeks that increase continued only in the TXT group i.e. 
those who were just receiving text messages.  This may indicate that where there is a form of 
external motivation (in this case, the exercise class), there is a lower likelihood of participants 
developing intrinsic motivation.  While text messages provided a form of motivation for 
participants (Chapter 6), they may also have encouraged those in the TXT group to explore 
the enjoyable and fulfilling aspects of physical activity and continue for internal reasons, 
thereby establishing a habit.  It is known that for physical activity behaviour change to 
provide long term health benefits the change needs to be sustainable.465  For change to occur 
in the first place, it is argued that the individual needs to want to change and that stage-
matched interventions should be considered.298  The formation of a physical activity habit is 
consistent with reaching the maintenance stage of the Transtheoretical Model of behaviour 
change.278  This greater readiness for change was highlighted in the study (Chapter 7, pg. 
246) where participants reported they had established an exercise habit and were taking 
responsibility for being active, as well as recognising the need for persistence in keeping 
physically active in the future.  
Incorporating both an individual’s stage of change and understanding how that individual 
envisages moving to the maintenance stage of the Transtheoretical Model of behaviour 
change may have positive implications for sustainable physical activity behaviour change.  
The creation of an algorithm that combines Stage of Change and Self-efficacy for Exercise 
scores with feedback loops based on patient responses may allow for appropriately tailored 
support for the individual enabling patient-treatment matching to best support behaviour 







SoC = Stage of Change; SEE = Exercise self-efficacy 
 
 







Lack of energy and fatigue are common symptoms of OSAS.151  Evidence for these symptoms was 
seen in the lowest scores on the SF-36 Energy/Fatigue subscale at baseline across all three study 
groups (Chapter 6, pg.177).  Interestingly, the greatest improvements seen on the SF-36 at 24 weeks 
were on this subscale; improvements in all three groups were between 10% and 15%, which may 
represent a clinically significant result but the MCID in this population has not been established.  
The biggest improvements were seen in participants in group EXE+TXT and group TXT, both of 
which received text messages.  This may have been the result of positive messaging to help 
overcome fatigue-related barriers to activity.  Physical activity is known to increase energy levels496 
despite concerns to the contrary. Messages tailored to specifically address the misconception that 
being more active worsens fatigue may be beneficial in future studies involving this population 
group.  
 
This concept was supported by the findings in Chapter 7: one of the perceived benefits 
highlighted by participants was having higher energy levels and feeling able to achieve more. 
This sense of achievement appeared to be highly valued with participants acknowledging the 
benefits of improved fitness and not wanting to lose them in the future (pg. 199).  From the 
participants’ perspectives, benefits such as being able to keep up with their grandchildren and 
being able to enjoy walking with a friend or family member, offered a greater incentive than 
improving their 6MWD.  This supports the existing literature where a wish to be involved in 
activities with family members has been shown to act as an indirect form of motivation.294  
Much of our participants’ feedback related to doing things with others and it is important to 
recognise that people do not operate in a vacuum.  In future studies linking goals to quality of 
life related measures or collective family goals might offer stronger motivation. 
 
The participant feedback described in Chapter 7 also reflects the concept of expectations.  If 
the participants’ experiences of physical activity are largely positive, they are likely to afford 
it greater value in future236 and this may be a key factor to a sustained change in physical 
activity behaviour.  
 
8.3 The future of telehealth 
Since the outbreak of COVID-19, in 2020, telehealth has changed the landscape of health 





health provider.  Telehealth offers the advantage of being relatively easily adapted to suit the 
individual to allow for a more person-centred approach,497 something traditional delivery of 
healthcare does not.  Messages can be easily personalised to the individual and sent in a 
timely manner to suit their needs.497   A McKinsey consumer survey published in 2020 
showed that patient interest in using telehealth moved up from 11% in 2019 to 76% in 
2020.498  Given this apparent support from the patients’ perspective, it is time for health 
providers to further develop telehealth options within health care.   
Within sleep health, the use of technology has already been adopted, for example, with 
remote monitoring of CPAP via a SIM card to ensure optimal delivery of CPAP therapy, and 
the launch of the AASM’s SleepTM telemedicine platform.499  The use of technology could 
be further developed in order to support patients with sleep disorders in their efforts to 
address associated health risks such as low physical activity. 
 
8.4 Clinical implications 
In this thesis, current levels of physical activity in an adult cohort with OSA have been 
outlined and the lack of motivation to change has been highlighted as a key barrier to 
physical activity, despite an expressed desire by participants to be more active.  There is 
recognition of the value of being physically active with participants detailing many perceived 
benefits post-intervention.  However, there is currently a lack of support from within the 
health system for adults with OSA to make changes in their physical activity behaviour.  
Previous studies in other populations have indicated that exercise prescription alone may not 
be enough.500, 501  A physiotherapy service to address barriers to activity, provide tailored 
exercise prescription and motivational support would provide a means of supporting lifestyle 
change in the population with OSA alongside existing Sleep Clinic services.  Lifestyle 
change is a component of health that is not addressed by current treatment methods such as 
CPAP and physiotherapy management is currently not widely available to patients with 
sleep-disordered breathing.  Additionally, with the association between OSA and obesity, a 
collaborative approach involving a dietitian, alongside the sleep technician and 





8.5 Future research questions 
8.5.1 Seeking a Māori and Pacific Island perspective 
In New Zealand,  the likelihood of Māori having moderate-severe OSA is 4.3 times greater 
than in non- Māori, after controlling for age and sex.11  With the high rates of obesity in the 
Pacific Island population,10 it is possible that there are even  higher rates of OSA within this 
group.  There is currently limited research on how to engage with these populations to 
support improved sleep health and address any impacting factors, such as low physical 
activity.  A qualitative study working in partnership with Māori communities and whanau to 
examine what ‘good physical health’ means from a Māori world view would be a good 
starting point. 
 
8.5.2 Development of a tailored treatment algorithm 
As highlighted in Figure 8.3, there is potential to develop an algorithm that uses specific 
patient information regarding level of exercise self-efficacy and readiness for exercise (stage 
of change) to determine the level of tailoring and length of time that may be required to 
support physical activity behaviour change in any given individual.  This would require full 
analysis of requirements, development of the software, testing of the software to access for 
defects and pilot testing with end users. 
 
8.5.3 Development of a family activity App 
One aspect of behavioural change is relatedness.502  This is the notion that individuals with 
OSA are more likely to align their behaviours with those of others who they have a 
connection with, such as family and friends.  The desire to keep up with friends and family 
can provide an indirect form of motivation.294  A future research question might therefore 
explore the acceptability of a participatory design approach to combine telehealth and social 
support in the development of a Family Activity App or something similar.  This might 
incorporate concepts such as a daily “family step-count challenge”, family-centred goals and 
the capacity for users within a family group to send each other supportive messages to 






8.5.4 Pain research 
Consideration of aspects of pain research was beyond the scope of this study.  However, in 
view of our study finding that pain is a common barrier to physical activity in the population 
with OSA, this warrants further exploration in future.  Investigating the feasibility and 
effectiveness of low impact activities would be one possibility.  For example, a supported 
physical activity intervention comparing low impact activities, such as water-based or 
cycling, with weight bearing activities, such as walking. 
 
8.5.5 Social connection and self-efficacy 
Although a person-centred approach has been demonstrated to increase self-efficacy in 
certain populations,503 there is limited research that has looked directly at the influence of 
social connection in relation to self-efficacy in people with OSA.  A study looking at changes 
in self-efficacy in those continuously engaging in an exercise group compared with those 
exercising individually would further develop understanding of the role social connectivity 
plays in the development of exercise self-efficacy.  
 
8.6 Study strengths  
Overall, the studies described in this thesis provide some key insights into the adult 
population with OSA in terms of current physical activity levels, barriers to activity and the 
feasibility of a physical activity and motivational programme to support a change in physical 
activity behaviour.  More specifically, the findings from the studies recognise the limitations 
of exercise prescription alone, the need for a person-centred approach and explores the use of 
telehealth as a potentially cost effective and adaptable motivational tool. 
The use of accelerometry to provide objectively measured physical activity is a strength of 
the thesis.  In studies where there is a reliance on measures of self-report there is a risk of 
individuals over-estimating their physical activity levels.  The plethora of commercially 
available activity trackers broadens the scope for capturing objective data although more 






8.7 Study learnings and limitations  
The studies each had a number of limitations, which were addressed in the relevant chapter.   
 
8.7.1 Recruitment of participants 
A key limitation was the difficulty in recruiting participants into the feasibility study.  
Although the numbers obtained were sufficient, the time taken to recruit these numbers was 
much longer than anticipated.  This introduced seasonal variance between participants, since 
some were recruited in summer and some in winter.  Improving time to recruitment could be 
addressed in future through providing some financial recompense for the time and cost 
involved in participating in the study. However, this would potentially introduce another 
element of bias into the study and may raise ethical concerns, depending on the size of the 
financial incentive offered.505  Utilising social media , to potentially reach a wider target 
audience, is another option that could be explored. 
8.7.2 Risk of bias 
The feasibility study carried a risk of bias due to the non-blinding of the outcome assessor.  
Additionally, the same researcher was responsible for the construction of the text messages.  
Perhaps unsurprisingly, this also enhanced the sense of connectedness for some study 
participants, who valued the relationship with the researcher, as previously discussed in 
section 8.2.3.   
8.7.3 CPAP as a confounder 
A potential confounding factor was that some participants commenced CPAP treatment 
during the study period, which could have accounted for observed improvements in sleep 
outcomes and quality of life changes.  However, those who started CPAP after enrolling in 
the study did not commence CPAP usage until after 12 weeks, so any changes observed in 
the first half of the study could not have been CPAP related.  In addition, it is well recognised 
that adherence to CPAP is variable.  
8.7.4 Consistency of physical activity measures  
It is necessary to acknowledge that the trends observed in the various measures of physical 
activity in our feasibility study findings appear not to be consistent.  For example, group EXE 





levels. One explanation for the result could be an increase in cardio-respiratory fitness 
through other activities not captured by the accelerometer, such as swimming or cycling.  An 
exercise diary would have been a useful addition to the study to resolve any apparent 
discrepancies.   
8.7.5 Length of study follow-up 
It has been suggested that for changes in physical activity behaviour to become fully 
established, the behaviour must be sustained for at least six months.506  Given that it takes 
time to establish a desired behaviour in the first place and then additional time to develop this 
behaviour into a habit, a longer follow-up may have been useful to confirmation of whether a 
sustained change in behaviour occurred.   
 
8.8 Summary of outcomes 
The most important finding from the thesis is that a text messaging intervention tailored to 
the needs of the individual with OSA is a feasible option to support a positive change in 
physical activity behaviour and exercise self-efficacy.  In the short term both the exercise 
only intervention and exercise plus text messaging options showed a trend towards improving 
physical activity behaviour and cardio-respiratory fitness. This raises the question of whether 
motivational text messaging provides any benefit over exercise prescription alone.  Other 
studies have observed that most physiotherapy-led exercise interventions are successful in the 
short term.478  However, such changes are rarely sustained in the longer term, potentially 
because there is little or no change in patient self-efficacy.  Our study findings appeared to 
indicate a trend in increased exercise self-efficacy in all three groups between baseline and 24 
weeks. However, in the period from 12 weeks to 24 weeks (once the exercise intervention 
had stopped) while the text messaging only group (TXT) appeared to show a continued 
increase physical activity uptake in the population with OSA there was minimal change in the 
two exercise class groups (EXE and EXE+TXT) over the same time period.  In order to 
determine whether there was a true increase in self-efficacy on sustained physical activity, a 







8.9 Design of a future trial 
 
The findings from both our feasibility study (Chapter 6) and qualitative study (Chapter 7) can 
be used to inform the design of a future RCT.   Recruitment was the most challenging aspect 
of the feasibility trial, thus using an alternative approach with broader reach, such as a 
targeted social media campaign, could increase the rate of recruitment over time. 
Drop-out rates were relatively high in our feasibility study and this would also need to be 
addressed in any future trial.  Our finding that those who wore the accelerometer for the 
required seven-day period were more likely to remain in the trial is useful information.  A 
pre-enrolment period where potential participants are asked to wear an accelerometer might 
help ascertain those most likely to remain in the study and therefore improve retention rates.  
However, this may also introduce selection bias. 
Our feasibility study included three groups.  A future trial would include two groups – EXE 
and EXE+TXT - to ensure a greater number of participants within each group.  This would 
allow for an adequate sample size to ensure the necessary statistical power to make inferences 
about the data. 
The 6WMD was acceptable as a primary outcome measure being both sensitive to change 
and able to be carried out by all participants.  Based on our feasibility findings, a higher 
MCID would be necessary to reflect clinically meaningful change, since the population with 
OSA tend to have higher rates of cardio-respiratory fitness compared to people with chronic 
respiratory conditions, such as COPD.  If a future trial were to have an increased focus on 
rural participants, it might be necessary to consider an alternative primary outcome measure 
such as accelerometry, as data can be more easily assessed remotely and accelerometry is 
appropriate objective measure of physical activity levels.   
The inclusion of an exercise class was acceptable to some participants and there was positive 
feedback on the opportunity for connection with others that class-based exercise provided.  
However, attendance rates were relatively low over the 12-week period, which was partly due 
to the time the class was scheduled during the working day.  For a future trial, the exercise 







In general, participants expressed positive views towards receiving text messages and no 
participant opted to stop receipt of texts prior to the study endpoint.  The personalised aspect 
of text messages was highlighted as a potential source of motivation by participants and 
would need to be incorporated into a future trial.  Other aspects of motivation that were 
evident from the responses in Chapter 7, such as the perceived importance of connection to 
others and the role of mastery in developing a physical activity habit, should also be 
considered. 
 
8.10 Conclusion  
 
In conclusion, this thesis has highlighted key barriers to activity in the adult population with 
OSA, with a focus on low motivation.  It has outlined the need for physical activity behaviour 
change in this population and explored the acceptability of text messaging as a means of 
motivation to be physically active.  Given the global experience of COVID-19 in 2020 and 
beyond, the need for alternative methods of delivering health care, which are adaptable and 
cost effective has become more pressing than ever.  The feasibility of this novel intervention 
as a means of motivational support using telehealth has been outlined in Chapter 6 and 
secondary outcomes have demonstrated the acceptability of a text messaging intervention as a 
potential means of supporting an increase in cardio-respiratory fitness and exercise self-
efficacy amongst participants.  Feedback from participants post-study was largely positive 
towards this approach, a finding that recognises the importance of face-to-face contact 
alongside individualised messaging.  Lack of time is commonly cited as a barrier to activity.  
The limited ability of those with OSA to attend exercise classes at set times further adds to 
the argument for an approach which can be flexible and adapted to suit the individual to 
allow physical activity to be integrated into their way of life.  The prevalence of lifestyle 
factors in the population with OSA - 70% of those with the condition are overweight or obese 
and there are low levels of physical activity - strengthens the argument for addressing these 
factors in the delivery of holistic health care.  Development of a person-centred 
physiotherapy-led service to provide exercise prescription in conjunction with motivational 
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APPENDIX 1: ETHICS APPROVAL LETTER (Chapters 3 & 4) 
  
  H16/041 
Dr M Skinner 
 School of Physiotherapy 
Dear Dr Skinner, 
I am again writing to you concerning your proposal entitled “Physical activity levels, 
emotional well-being and barriers to activity in adults at risk of obstructive sleep 
apnoea hypopnoea syndrome”, Ethics Committee reference number H16/041. 
Thank you for your e-mail of 4th April 2016, with attached protocol for the study, addressing 
the issues raised by the Committee. 
On the basis of this response, I am pleased to confirm that the proposal now has full ethical 
approval to proceed. 
The standard conditions of approval for all human research projects reviewed and approved by 
the Committee are the following: 
Conduct the research project strictly in accordance with the research proposal submitted and 
granted ethics approval, including any amendments required to be made to the proposal by the 
Human Research Ethics Committee. 
Inform the Human Research Ethics Committee immediately of anything which may warrant 
review of ethics approval of the research project, including: serious or unexpected adverse 
effects on participants; unforeseen events that might affect continued ethical acceptability of 
the project; and a written report about these matters must be submitted to the Academic 
Committees Office by no later than the next working day after recognition of an adverse 
occurrence/event. Please note that in cases of adverse events an incident report should also be 
made to the Health and Safety Office: 
http://www.otago.ac.nz/healthandsafety/i
ndex.html 
Advise the Committee in writing as soon as practicable if the research project is discontinued. 
Academic Services 
Manager, Academic Committees, Mr Gary Witte 





Make no change to the project as approved in its entirety by the Committee, including any 
wording in any document approved as part of the project, without prior written approval of the 
Committee for any change. If you are applying for an amendment to your approved research, 
please email your request to the Academic Committees Office: 
gary.witte@otago.ac.nz 
jo.farrondediaz@otago.ac.nz 
Approval is for up to three years from the date of this letter. If this project has not been 
completed within three years from the date of this letter, re-approval or an extension of 
approval must be requested. If the nature, consent, location, procedures or personnel of your 
approved application change, please advise me in writing. 
The Human Ethics Committee (Health) asks for a Final Report to be provided upon completion 




Mr Gary Witte 
Manager, Academic Committees 
Tel: 479 8256 
Email: gary.witte@otago.ac.nz 
























































Invitation to participate in a research project titled: “An investigation of physical activity levels, 
barriers to activity and emotional well-being in adults with symptoms of obstructive sleep 
apnoea” 
Dear  
You were referred to the Sleep Clinic for further investigation of your symptoms that may be 
associated with obstruction to your breathing whilst asleep (obstructive sleep apnoea or ‘OSA’). 
The Sleep Service Patient Questionnaire that you completed and returned has been analysed. 
People referred to the Sleep Service with symptoms such as yours are being invited to participate 
in a research study that involves conducting interviews and completion of questionnaires in order 
to increase our understanding of physical activity in those at risk of OSA.   
The interview would be conducted at a time convenient to you, which could either be in 
conjunction with your appointment at the Sleep Clinic or at another convenient time. The 
research appointment should take about an hour and involves height, weight and blood pressure 
measurements, completion of the surveys and some additional questions relating to potential 
barriers to activity.   
If you are interested in being involved in the study, please complete and return the attached form 
or call Dr Margot Skinner, the principal investigator, directly on 03 4797466.  An information 
sheet which contains more detail about the study will then be sent to you, and if you wish to 
participate Dr Skinner will organise an appointment time and date and answer any questions you 
may have.  A further opportunity to ask questions will be provided prior to signing the written 
consent form and the interview with Sarah Rhodes, the person undertaking the research.  It is 
estimated the interview will take about an hour.  If you complete the form to participate and 
later decide to withdraw from this study this can be done at any time without any negative 
consequences by advising the researcher. 
 
Thank you for your time.  
  
Dr Ben Brockway     Dr Margot Skinner 
Consultant/Co-investigator    Principal Investigator 
 
□ No, I am not interested in participating in the research 
□ Yes, I am interested in participating in the study project titled: “An investigation of physical 
activity levels, barriers to activity and emotional well-being in adults with symptoms of 
obstructive sleep apnoea” 
Name:       Contact number:  





APPENDIX 5: PARTICIPANT INFORMATION SHEET FOR DESCRIPTIVE 





Participant Information Sheet 
  
Study title:  An investigation of physical activity levels, barriers to activity and 
emotional well-being in adults with symptoms of obstructive 
sleep  
apnoea  
Principal investigator:  Name  Dr Margot Skinner  
Department  School of Physiotherapy  




03 479 7466  
  
Introduction  
Thank you for showing an interest in this project.  Please read this information sheet carefully. 
Take time to consider and, if you wish, talk with relatives or friends, before deciding whether to 
participate.   
If you decide to participate we thank you.  If you decide not to take part there will be no 
disadvantage to you and we thank you for considering our request.    
What is the aim of this research project?  
The aim of this research project is to obtain information regarding physical activity levels, 
emotional well-being, and barriers to activity in adults at risk of obstructive sleep apnoea 
hypopnoea syndrome (OSAHS).  It is hoped that by doing so, in the future we can provide useful 
and cost-effective intervention, such as individualised physical activity programmes, which might 
lessen the impact of OSAHS on daily life.  
Who is funding this project?  






Who are we seeking to participate in the project?  
We are looking to include adults who have been referred by their GP or another consultant to 
the Dunedin Public Hospital Sleep Clinic for an assessment to investigate symptoms that are 
indicative of obstructive sleep apnoea (OSA). The assessment is based on the Sleep Service 
Patient Questionnaire that you would have completed and returned.   
If you participate, what will you be asked to do?  
If you agree to participate, you will be contacted by Dr Margot Skinner, the principal 
researcher, who will answer any questions you have and arrange a suitable date and time for 
you to participate in the study. You will meet with student researcher, Sarah Rhodes, who 
will take your height, weight, blood pressure and waist circumference measurements.  Sarah 
will conduct an interview-led questionnaire regarding physical activity and also ask you to 
complete some other questionnaires.  The questionnaires will explore your experience of 
physical activity, symptoms and quality of life and any barriers to activity you may face.  The 
entire session should last about an hour.  Where possible we will endeavour to schedule this 
meeting at the Sleep Clinic, Dunedin Hospital. There will be no further requirements for you 
in relation to this study.  
Is there any risk of discomfort or harm from participation?  
The risk involved in this study is very small.  In the unlikely event that you do experience 
distress, a contact number to discuss any aspects of the study will be made available to you.  
In addition, you are free to withdraw from the study at any time.   
What specimens, data or information will be collected, and 
how will they be used?   
Data from your measurements and questionnaires will be collected and analysed.  Your data 
will remain anonymous and results will only be published for the group, not individuals.  The 
data will be stored securely at the university for 5 years at which point it will be destroyed. You 
will be asked during the study if you are willing to be contacted and your data included as part 
of a subsequent study proposed to provide individualised exercise for adults with OSAHS.  
What about anonymity and confidentiality?  
Data obtained will remain anonymous throughout the process by the use of code numbers for 
the data sets, so individuals cannot be identified.  The data will remain confidential to the 
researchers involved throughout.  
If you agree to participate, can you withdraw later?  
You may withdraw from participation in the project at any time and without any disadvantage 
to yourself.  Once your anonymous data is included in the data analysis it will not be possible to 





Any questions?  
If you have any questions now or in the future, please feel free to contact either:  
Name:  Dr Margot Skinner  
Position:  Senior Lecturer /Primary supervisor  
Department:  School of Physiotherapy  
Contact phone number:  
03 479 7466  
Name:  Dr Ben Brockway  
Position:  Consultant, Sleep Clinic/Co-investigator   
Department:  Otago Respiratory Research Unit,  
DSM  
Contact phone number:  
03 474 0999 Extn 8784  
Name:  Sarah Rhodes  
Position:  Masters Student  
Department:  School of Physiotherapy  
Contact phone number:  
021 210 5270  
  
This study has been approved by the University of Otago Human Ethics Committee (Health). If you 
have any concerns about the ethical conduct of the research you may contact the Committee through 
the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and you 
will be informed of the outcome.  
















An investigation of physical activity levels, barriers to activity and emotional well-being in 
adults with symptoms of obstructive sleep apnoea  
Principal Investigator: Dr Margot Skinner  
E-mail: margot.skinner@otago.ac.nz  
Telephone number: 03 479 7466  
CONSENT FORM FOR PARTICIPANTS 
Following signature and return to the research team this form will be stored in a secure place for ten years.  
Name of participant:…………………………………………..  
1. I have read the Information Sheet concerning this study and understand the aims of 
this research project.  
2. I have had sufficient time to talk with other people of my choice about participating 
in the study.    
3. I confirm that I meet the criteria for participation which are explained in the 
Information Sheet.  
4. All my questions about the project have been answered to my satisfaction, and I 
understand that I am free to request further information at any stage.   
5. I know that my participation in the project is entirely voluntary, and that I am free 
to withdraw from the project at any time without disadvantage.  
6. I know that as a participant I will be asked to undertake height, weight and blood 
pressure measurements, complete an interviewer-led questionnaire, and fill in four 
short questionnaires.  I understand that this will take approximately one hour and 
will be my only involvement in the study.  
7. I know that the questionnaires will explore my experience of physical activity, 





that if the line of questioning develops in such a way that I feel hesitant or 
uncomfortable I may decline to answer any particular question(s) and/or may 
withdraw from the project without disadvantage of any kind.  
8. I understand the nature and size of the risks of discomfort or harm which are 
explained in the Information Sheet.  
9. I know that when the project is completed all personal identifying information will 
be removed from the paper records and electronic files which represent the data 
from the project, and that these will be placed in secure storage and kept for at 
least five years.   
10. I understand that the results of the project may be published and be available in the 
University of Otago Library and I agree that any personal identifying information 
will remain confidential between myself and the researchers during the study, and 
will not appear in any spoken or written report of the study.   
11. I know that there is no remuneration offered for this study, and that no commercial 
use will be made of the data.  
 
 
____________________________   _______________________ 
Signature of participant:    Date:  
 









APPENDIX 7: GENERAL QUESTIONS DESCRIPTIVE STUDY(Chapter 3) 
 
Please answer the following questions as accurately as possible.  
 
 
What is your date of birth?   ___/___/_____ 
 
What is your sex?    Male / Female/ Other 
 
What ethic group/s do you belong to? Tick all those that are relevant. 
 
NZ European      Tongan 
Māori       Niuean 
Cook Island Māori     Chinese 
Samoan      Indian 
Tokelauan’      Other: state which, e.g. Dutch, Japanese 
 
Do you smoke?  If yes, how many cigarettes a day do you smoke? 
 
How well do you sleep?  Describe your typical night’s sleep. 
 
Do you have any other health conditions?  Please list them. 
 
Are you taking any medications?  If so, what are they? 
 
How active are you during the day?  Describe your typical day in terms of activity 
undertaken. E.g. work activity, gardening, walking the dog etc.  If limited activity, what limits 
you being active? 
What is your main mode of transport? 
How much time do you spend watching television on a typical day? 










How likely are you to doze off or fall asleep in the following situations, in contrast to feeling 
just tired? 
This refers to your usual way of life in recent times. 
Even if you haven’t done these things recently try to work out how they would have affected 
you. 
Use the following scale to choose the most appropriate number for each situation: 
    0 = would never doze 
    1 = slight chance of dozing 
    2 = moderate chance of dozing 
    3 = high chance of dozing 
 
It is important that you answer each question as best you can. 
 
Situation        Chance of dozing 
 
Sitting and reading _________________________________________  
 
Watching TV ______________________________________________ 
 
Sitting inactive in a public place (e.g. a theatre or meeting) _________ 
As a passenger in a car for an hour without a break _______________ 
Lying down to rest in the afternoon when circumstances permit ____ 
Sitting and talking to someone _______________________________ 
Sitting quietly after a lunch without alcohol _____________________ 





Ref:  Johns MW . A new method for measuring daytime sleepiness: the Epworth Sleepiness 
Scale.  Sleep. 1991; 14(6): 540-545
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APPENDIX 9: SF-36 QUESTIONNAIRE (Chapters 3 & 6) 
 
Participant Number_______________________           Date______________ 
Please circle the number for the answer that best applies to you.  
1. In general, would you say 
your health is: 
Excellent 1 




2. Compared to one year ago, 
how would you rate your health in general now? 
Much better now than one year ago 1 
Somewhat better now than one year ago 2 
About the same 3 
Somewhat worse now than one year ago 4 
Much worse now than one year ago 5 
 
The following items are about activities you might do during a typical 
day. Does your health now limit you in these activities? If so, how 
much? 











3. Vigorous activities, such as running, 
lifting heavy objects, participating in 
strenuous sports 





4. Moderate activities, such as moving a 
table, pushing a vacuum cleaner, bowling, 
or playing golf 
[1]  [2]  [3]  
5. Lifting or carrying groceries [1]  [2]  [3]  
6. Climbing several flights of stairs [1]  [2]  [3]  
7. Climbing one flight of stairs [1] [2] [3] 
8. Bending, kneeling, or stooping [1] [2] [3] 
9. Walking more than a mile [1]  [2]  [3]  
10. Walking several blocks  [1]  [2]  [3]  
11. Walking one block [1] [2] [3]  
12. Bathing or dressing yourself [1] [2] [3] 
During the past 4 weeks, have you had any of the following problems 
with your work or other regular daily activities as a result of your 
physical health? 
(Circle One Number on Each Line) Yes  No  
13. Cut down the amount of time you spent on work or other activities 1  2  
14. Accomplished less than you would like 1  2  
15. Were limited in the kind of work or other activities  1  2  
16. Had difficulty performing the work or other activities (for example, 
it took extra effort)  
1  2  
 
During the past 4 weeks, have you had any of the following problems 
with your work or other regular daily activities as a result of any 
emotional problems (such as feeling depressed or anxious)? 
(Circle One Number on Each Line) Yes No 
17. Cut down the amount of time you spent on work or other 
activities 
1  2  
18. Accomplished less than you would like 1  2  
19. Didn't do work or other activities as carefully as usual 1  2  
20. During the past 4 weeks, to what extent has your physical health or 
emotional problems interfered with your normal social activities with 
family, friends, neighbours, or groups? 





Not at all  1 
Slightly  2 
Moderately  3 
Quite a bit  4 
Extremely  5 
 
21. How much bodily pain have you had during the past 4 weeks? 
(Circle One Number) 
None   1 
Very mild  2 
Mild   3 
Moderate  4 
Severe  5 
Very severe  6 
 
22. During the past 4 weeks, how much did pain interfere with your 
normal work (including both work outside the home and housework)? 
(Circle One Number) 
Not at all  1 
A little bit  2 
Moderately  3 
Quite a bit  4 
Extremely  5 
 
These questions are about how you feel and how things have been with 
you during the past 4 weeks. For each question, please give the one 
answer that comes closest to the way you have been feeling. 
How much of the time during the past 4 weeks . . .  
 




















23. Did you feel full of 
pep? 
1  2  3  4  5  6  
24. Have you been a very 
nervous person? 
1  2  3  4  5  6  
25. Have you felt so down 
in the dumps that nothing 
could cheer you up? 





26. Have you felt calm 
and peaceful? 
1  2  3  4  5  6  
27. Did you have a lot of 
energy? 
1  2  3  4  5  6  
28. Have you felt 
downhearted and blue? 
1  2  3  4  5  6  
29. Did you feel worn 
out? 
1  2  3  4  5  6  
30. Have you been a 
happy person? 
1  2  3  4  5  6  
31. Did you feel tired?  1  2  3  4  5  6  
 
32. During the past 4 weeks, how much of the time has your physical 
health or emotional problems interfered with your social activities (like 
visiting with friends, relatives, etc.)? 
(Circle One Number) 
All of the time  1 
Most of the time  2 
Some of the time  3 
A little of the time  4 
None of the time  5 
 
 
How TRUE or FALSE is each of the following statements for you.  
 












33. I seem to get sick a 
little easier than other 
people  
1  2  3  4  5  
34. I am as healthy as 
anybody I know  
1  2  3  4  5  
35. I expect my health to 
get worse  





36. My health is excellent  1  2  3  4  5  
 
Ref: Ware JE & Sherbourne CD. The MOS 36-Item Short-Form Health Survey (SF-36): I. Conceptual 

















APPENDIX 10: BECK DEPRESSION INVENTORY (Chapter 3) 
 
Please read each group of statements and mark one statement in each group that best 
describes the way you have been feeling during the past week. 
 
1.  Sadness 
0   I do not feel sad. 
1   I feel sad much of the time. 
2   I am sad all of the time. 
3   I am so sad or unhappy that I can’t stand it. 
 
2.   Pessimism 
0   I am not discouraged about my future. 
1   I feel more discouraged about my future than I 
used to be. 
2   I do not expect things to work out for me. 
3   I feel my fortune is hopeless and will get only 
worse. 
 
3.   Past Failure 
0   I do not feel like a failure. 
1   I have failed more than I should have. 
2   As I look back I see a lot of failures. 
3   I feel I am a total failure as a person. 
 
4.   Loss of Pleasure 
0   I get as much pleasure as I ever did from the 
things I enjoy. 
1   I don’t enjoy things as much as I used to. 
2   I get very little pleasure from the things I used 
to enjoy. 





5.   Guilty Feelings 
0   I don’t feel particularly guilty. 
1   I feel guilty over many things I have done or 
should have done. 
2   I feel quite guilty most of the time. 
3   I feel guilty most of the time. 
 
6.   Punishment Feelings 
0   I don’t feel I am being punished. 
1   I feel I may be punished. 
2   I expect to be punished. 
3   I feel I am being punished. 
 
7.   Self-Dislike 
0   I feel the same about myself as ever. 
1   I have lost confidence in myself. 
2   I am disappointed in myself. 
3   I dislike myself. 
 
8.   Self-Criticisms 
0   I don’t criticize or blame myself more than 
usual. 
1   I am more critical of myself than I used to be. 
2   I criticize myself for all of my faults. 









9.   Suicidal Thoughts or Wishes 
0   I don’t have any thoughts of killing myself. 
1   I have thoughts of killing myself, but I would not 
carry them out. 
2   I would like to kill myself. 
3   I would kill myself if I had the chance. 
 
10.  Crying 
0   I don’t cry any more than I used to. 
1   I cry more than I used to. 
2   I cry over every little thing. 
3   I feel like crying, but I can’t. 
 
11.  Agitation  
0   I am no more restless or would up than usual. 
1   I feel more restless or would up than usual. 
2   I am so restless or agitated that it’s hard to stay 
still. 
3   I am so restless that I have to keep moving or 
doing something. 
 
12.  Loss of Interest 
0   I have not lost interest in other people or 
activities. 
1   I am less interested in other people or things 
than before. 
2   I have lost most of my interest in other people 
or things. 
3   It’s hard to get interested in anything. 
 
13.  Indecisiveness 
0   I make decisions about as well as ever. 
1   I find it more difficult to make decisions than 
usual. 
2   I have much greater difficulty in making 
decisions than usual. 
3   I have trouble making any decision. 
 
14.  Worthlessness 
0   I do not feel I am worthless. 
1   I don’t consider myself as worthwhile and 
useful as I used to. 
2   I feel more worthless as compared to other 
people. 
3   I feel utterly worthless. 
 
15.  Loss of Energy 
0   I have as much energy as ever. 
1   I have less energy than I used to have. 
2   I don’t have enough energy to do very much. 
3   I don’t have enough energy to do anything. 
 
16.  Changes in Sleeping Patterns 
0   I have not experienced any change in my 
sleeping pattern. 
1   I sleep somewhat more/less than usual. 
2   I sleep a lot more/less than usual. 
3   I sleep most of the day.  I wake up 1-2 hours 
early and can’t get back to sleep. 
 
17.  Irritability 
0   I am no more irritable than usual. 
1   I am more irritable than usual. 
2   I am much more irritable than usual. 
3   I am irritable all the time 
 
18.  Changes in Appetite 
0   I have not experienced any change in my 
appetite. 
1   My appetite is somewhat greater/lesser than 
usual. 





3   I crave food all the time or I have no appetite at 
all. 
 
19.  Concentration Difficulty 
0   I can concentrate as well as ever. 
1   I can’t concentrate as well as usual. 
2   It’s hard to keep my mind on anything for very 
long. 
3   I find I can’t concentrate on anything. 
 
20.  Tiredness or Fatigue 
0   I am no more tired or fatigued than usual. 
1   I get more tired or fatigued more easily than 
usual. 
2   I am too tired or fatigued to do a lot of the 
things I used to do. 
3   I am too tired or fatigued to do most of the 
things I used to do. 
 
21.  Loss of Interest in Sex 
0   I have not noticed any recent change in my 
interest in sex. 
1   I am less interested in sex than I used to be. 
2   I am much less interested in sex now. 
3   I have lost interest in sex completely. 
 
 


















Ref: Beck AT, Ward Ch, Mendelson M, Mock J, Erbaugh J. An inventory for measuring 




APPENDIX 11: 2015 PAR-Q+ (Chapters 3 & 6) 
 
The Physical Activity Readiness Questionnaire for Everyone 
Regular physical activity is fun and healthy, and more people should become more physically active 
every day of the week. Being more physically active is very safe for MOST people. This questionnaire 
will tell you whether it is necessary for you to seek further advice from your doctor OR a qualified 
exercise professional before becoming more physically active. 
 
Ref: Warburton DE, Jamnik VK, Bredin SS, Gledhill N. The 2014 Physical Activity Readiness 
Questionnaire for everyone (Par-Q+) and electronic Physical Activity Readiness Medical Examination 
(ePARmed-X +). Health & Fitness Journal of Canada. 2014; 7: 80-83. 
 
 
GENERAL HEALTH QUESTIONS   PARTICIPANT NUMBER_________ 
 
Please read the 7 questions below carefully and answer each one honestly: check 
YES or NO.  
 
YES NO 




2) Do you feel pain in your chest at rest, during your daily activities of living, OR 
when you do physical activity? 
 
  
3) Do you lose balance because of dizziness OR have you lost consciousness in 
the last 12 months? Please answer NO if your dizziness was associated with over-breathing 
(including during vigorous exercise). 
 
  
4) Have you ever been diagnosed with another chronic medical condition 
(other than heart disease or high blood pressure)?                                                                                   
PLEASE LIST CONDITION(S) HERE: 
 
  
5) Are you currently taking prescribed medications for a chronic medical 
condition?  PLEASE LIST CONDITION(S) AND MEDICATIONS HERE: 
 
  
6) Do you currently have (or have had within the past 12 months) a bone, joint, 
or soft tissue (muscle, ligament, or tendon) problem that could be made 
worse by becoming more physically active? Please answer NO if you had a problem in 
the past, but it does not limit your current ability to be physically active.  
 PLEASE LIST CONDITION(S) HERE:   
  
  







APPENDIX 12: GLOBAL PHYSICAL ACTIVITY QUESTIONNAIRE (GPAQ) (Chapter 3) 
 
Physical Activity 
Next I am going to ask you about the time you spend doing different types of physical activity in a typical 
week. Please answer these questions even if you do not consider yourself to be a physically active person.  
Think first about the time you spend doing work.  Think of work as the things that you have to do such as paid 
or unpaid work, study/training, household chores, harvesting food/crops, fishing or hunting for food, seeking 
employment, working in the garden.  In answering the following questions 'vigorous-intensity activities' are 
activities that require hard physical effort and cause large increases in breathing or heart rate, 'moderate-
intensity activities' are activities that require moderate physical effort and cause small increases in breathing 
or heart rate. 
Questions Response Code 
Activity at work 
1 Does your work involve vigorous-intensity 
activity that causes large increases in 
breathing or heart rate like [carrying or lifting 
heavy loads, digging or construction work] for 
at least 10 minutes continuously?  
[INSERT EXAMPLES]  (USE SHOWCARD) 
Yes 1 
P1 
No 2     If No, go to P 4 
2 In a typical week, on how many days do you 
do vigorous-intensity activities as part of your 
work? 
Number of days 
└─┘ 
P2 
3 How much time do you spend doing vigorous-
intensity activities at work on a typical day? Hours: minutes 
└─┴─┘: └─┴─┘ 
    hrs                mins 
P3  
(a-b) 
4 Does your work involve moderate-intensity 
activity that causes small increases in 
breathing or heart rate such as brisk walking 
[or carrying light loads] for at least 10 minutes 
continuously?  
[INSERT EXAMPLES]   (USE SHOWCARD) 
Yes 1 
P4 
No 2      If No, go to P 7 
5 In a typical week, on how many days do you 
do moderate-intensity activities as part of 
your work? 
Number of days 
└─┘ 
P5 
6 How much time do you spend doing 













The next questions exclude the physical activities at work that you have already mentioned. 
Now I would like to ask you about the usual way you travel to and from places.  For example, to work, for 
shopping, to market, to place of worship. [insert other examples if needed] 
7 Do you walk or use a bicycle (pedal 
cycle) for at least 10 minutes 
continuously to get to and from places? 
Yes 1 P7 
 No 2      If No, go to P 10 
8 In a typical week, on how many days 
do you walk or bicycle for at least 10 
minutes continuously to get to and from 
places? 
Number of days 
└─┘ 
P8 
9 How much time do you spend walking 
or bicycling for travel on a typical day? Hours: minutes 
└─┴─┘: └─┴─┘ 




The next questions exclude the work and transport activities that you have already mentioned. 
Now I would like to ask you about sports, fitness and recreational activities (leisure), [insert relevant terms]. 
10 Do you do any vigorous-intensity sports, fitness or 
recreational (leisure) activities that cause large 
increases in breathing or heart rate like [running or 
football,] for at least 10 minutes continuously?  
[INSERT EXAMPLES]   (USE SHOWCARD) 




No 2      If No, go to P 13 
11 In a typical week, on how many days do you do 
vigorous-intensity sports, fitness or recreational 
(leisure) activities? 
Number of days 
└─┘ 
P11 
12 How much time do you spend doing vigorous-
intensity sports, fitness or recreational activities on 
a typical day? 
Hours: minutes 
└─┴─┘: └─┴─┘ 
    hrs                mins 
P12 
(a-b) 





Physical Activity (recreational activities) contd. 
Questions Response Code 
13 Do you do any moderate-intensity sports, 
fitness or recreational (leisure) activities that 
causes a small increase in breathing or heart 
rate such as brisk walking,(cycling, swimming, 
volleyball) for at least 10 minutes 
continuously? 
[INSERT EXAMPLES]   (USE SHOWCARD) 
Yes   1 
P13  
No 2      If No, go to P16 
14 In a typical week, on how many days do you 
do moderate-intensity sports, fitness or 
recreational (leisure) activities? 
Number of days 
└─┘ 
P14 
15 How much time do you spend doing moderate-
intensity sports, fitness or recreational (leisure) 
activities on a typical day? 
Hours: minutes 
└─┴─┘: └─┴─┘ 




The following question is about sitting or reclining at work, at home, getting to and from places, or with friends including 
time spent [sitting at a desk, sitting with friends, travelling in car, bus, train, reading, playing cards or watching television], 
but do not include time spent sleeping. 
[INSERT EXAMPLES]   (USE SHOWCARD) 
16 How much time do you usually spend sitting 
or reclining on a typical day? Hours: minutes 
└─┴─┘: └─┴─┘ 
    hrs                min s 











Ref: Bull FC, Maslin TS, Armstrong T. Global Physical Activity Questionnaire (GPAQ): Nine country 




       APPENDIX 13: BARRIERS TO ACTIVITY QUESTIONNAIRE (Chapter 3) 
 
Barriers to activity questions 
Physical activity is movement of the body that requires energy expenditure.  This may be 
structured exercise, such as cycling or swimming, or other activity, such as walking round 
the shopping mall, mowing the lawn or weeding the garden.  Below are some statements 
about taking part in physical activity. Tick the box that best describes whether you strongly 










• I find it hard to motivate myself to undertake physical 
activity. 
□ □ □ □  
• I don’t have time for physical activity. □ □ □ □  
• Physical activity makes me feel good. □ □ □ □  
• I find physical activity boring. □ □ □ □  
• Physical activity is painful for me. □ □ □ □  
• Physical activity gives me confidence. □ □ □ □  
• I have more energy when I have been physically 
active. 
□ □ □ □  
• I worry about doing too much when I am physically 
active. 
□ □ □ □  
• Being physically active isn’t important to me. □ □ □ □  
• I would like to be more physically active. □ □ □ □  
• I do not have access to facilities where I can be 
physically active. 
□ □ □ □  
• I do not know where to go to do physical activity. □ □ □ □  
• Physical activity costs too much. □ □ □ □  




APPENDIX 14: DEVELOPMENT OF THE BARRIERS TO ACTIVITY 
QUESTIONNAIRE (Chapter 3) 
 
 
Development of the Barriers to Activity Questionnaire 
 
The aim was to explore barriers to activity in adults with OSA through their responses to a 
questionnaire focussed on potential barriers. Criteria for the questionnaire included the following 
concepts: 1) that it be user friendly; 2) in a simplified form appropriate to a range of reading abilities; 
and 3) be quick to complete.  The questionnaire was designed to include generic questions in order 
to include factors other than those specific to the population with OSA, that may have impacted 
their physical activity, for example pain from knee arthritis when walking.  Symptoms specific to 
OSA, such as excessive daytime sleepiness, were not included as they were addressed in other 
questionnaires used in the study, such as the Epworth Sleepiness Scale.162  
Method 
 
A narrative review of current barriers to physical activity was undertaken.  Six databases (PubMed, 
Medline, CINAHL, AMED, PEDro, Scopus) were searched.  
Search terms used were “Barriers to activity” OR “Barriers” AND “Physical Activity” OR “Exercise”. 
The following inclusion criteria were used: 
1) Publication years: 2011-2015.  A preliminary search of the databases had determined that 
prior to 2010, there was minimal research that addressed any barriers to activity. 
2) Language: English  
3) Population: Adults 18 years and over 







A total of 790 titles were retrieved from the databases and underwent initial screening.  A limited 
review of the grey literature after the initial database search revealed three additional relevant 
articles.  After reviewing abstracts and excluding duplicates, 50 studies were included for full-text 
review (Table 1).  Full-text articles were screened to exclude the following: articles related to other 
people’s perceptions of barriers (e.g. physiotherapists); studies undertaken in populations with 
mental illness; and studies undertaken on populations with communicable diseases, such as 
HIV/AIDS.  From the 50 studies, 29 were included for full review (Figure 1) based on their inclusion of 
specific barriers to activity in relevant population groups. 
 
 
Table 1: Databases searched and initial number of articles retrieved 







PubMed 119 11 
Medline 38 2 
CINAHL 424 26 
AMED 29 4 
PEDro 165 2 
Scopus 15 2 
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Development of Barriers to Activity Questionnaire 
 
The questionnaire was developed using the findings from the articles included in the review (Table 
2).  Those barriers that were most commonly represented in the literature were included, with the 
exception of ‘co-morbidities’ and ‘level of support’ as these were explored as standardised questions 
in the participant interview (Appendix 7) and the findings were included in the results section of 
Chapter 3 (pg 50). 
Questionnaires were completed using a 4-point Likert scale which was quick and easy for 
participants to use.  Within the study design, the questionnaire was completed alongside several 
other questionnaires, so time to complete it was an important consideration.  It was also important 
that the questionnaire format allowed for the data obtained to be easily collatable and quantifiable 
for the purpose of the obtaining measurable results.   
Piloting of the Barriers to Activity questionnaire 
 
The questionnaire was piloted by three adults at risk of OSA, who completed it independently before 
providing feedback to the researcher (SR) on a separate sheet of paper. Respondents were asked: 
1. On a scale of 1-10 (1= very easy, 10=very difficult), how easy was the questionnaire to 
understand? (Fleisch Reading Ease score ≥ 80)  
2. Were there any statements that were confusing/ambiguous? If ‘yes’, please give examples. 
3. Were you comfortable answering the questions asked?  If not, please state why. 
4. Were there any statements that should be removed? If so, which ones and why? 
5. Were there any statements that should be added? If so, what were they? 





, Some small changes to the questionnaire were made based on feedback from the pilot 
respondents.  A statement was added regarding having no interest in physical activity (‘I find physical 
activity boring’) as distinct from a lack of motivation.  The statement ‘Physical activity is difficult for 
me’ was removed as it was considered too ambiguous. 
The final version of the questionnaire was included in the descriptive study (Chapter 3). 
Test re-test reliability was established by asking the three individuals to complete the modified 
Barriers to Activity questionnaire a second time ten days later.  This was considered a sufficient 
period of time to prevent recall of previous responses and a period short enough to avoid any 
change in circumstances that may give rise to a change in response.507  The two sets of scores were 
then compared and showed minimal differences. 
Strengths 
 
This questionnaire provided a brief and clinically useful tool to ascertain barriers to activity, which is 
evidence-informed.  As a correlation greater than 0.75 between the first and second sets of 
responses is indicative of good to excellent test re-test reliability the researchers were satisfied that 




1) The barriers relating to ‘co-morbidities’ and ‘lack of support’ were not included in the 
questionnaire although these details were further explored independently in the participant 
interview. 
2) The Likert scale could have included a neutral response. There are arguments for and against 
the inclusion of a 5-point scale with a ‘neither agree nor disagree’ choice.  In the questionnaire 





3) Expert opinion could have been sought on the development of the initial questionnaire in 
order to gain consensus on included items.  Expert consensus is considered most important where 
no current evidence exists.510  However given the plethora of research on barriers to activity, the 
need for expert consensus was deemed unnecessary. 
4) The questionnaire could have been piloted on a greater number of individuals.  It is 
recommended that questionnaires be piloted on a sample large enough to enable systematic 
appraisal, for example, through analysis of each item.511  The number of individuals used (n=3) 
represented 5% of our sample size; the general recommendation is to pilot a Likert scale 
questionnaire on a minimum of four people who are representative of the population to be 
sampled.512    
5) The included articles were from a variety of countries and incorporated a range of ethnicities 
including African Americans, Asians and Pacific Islanders. One study focused on older people from 
New Zealand who included Māori but there were no other studies specific to the Māori population.  
Subsequent to the development of our questionnaire, there was some research undertaken to 
explore barriers to physical activity in Māori men513 However, research on barriers to activity in 




Table 2: Review of articles on barriers to activity  
 
Author Year Population  Reported barriers to activity 

















































































































































































































Egan et al 2013 Type 2 diabetes                 
Darawad et al 2012 End Stage Renal 
Disease 
                
Gellert et al 2015 Older adults                 
Alvarado 2015 Afro-Caribbean 
females with obesity 
                
Boehm 2013 Older adults                 
Smith et al 2012 Older adults                 
Bethancourt 
et al 
2014 Older adults                 
Oyekanmi and 
Paxton 
2014 Breast cancer                 
Blaney et al 2013 Cancers                 
Asano et al  2013 Multiple sclerosis                 
Kayes et al 2011 Multiple sclerosis                 
Bjornsdottir et 
al  
2012 Older females                 
Korkiakangas 
et al  
2011 High risk of type 2 
diabetes  
                
De Groot & 
Fagerstrom 
2011 Older adults                 
Brittain et al 2012 Middle aged and 
older females 
                
Horne et al 2013 Older south Asian 
and white adults 
                




Spector et al 2013 Breast cancer                 
Mailey et al 2014 Working parents                 
Sims-Gould et 
al 
2012 Older females                  
Sawchuck et al  2011 American Indian 
Elders 
                
Joseph et al 2015 African American 
women  
                
Venditti et al  2014 Overweight/obese 
adults at risk of type 
2 diabetes 
                
Kurti et al  2015 Rural adults with low 
physical activity 
levels  
                
Justine et al 2013 Middle aged and 
elderly 
                
Moschny et al  2011 Older adults                  
Napolitano et 
al 
2011 Inactive women                  
Schluter et al  2011 Pacific mothers                 
Withall et al 2011 All ages; low income                 
Rogerson et al 2012 Coronary heart 
disease and 
depression 
                
Rosenkranz et 
al  
2013 Older adults in New 
Zealand 
                





Table 2: Review of articles on barriers to activity (cont.) 
 
Author Year Population  Barriers to activity  




































































































































































Egan et al 2013 Type 2 diabetes             
Darawad et al 2012 End Stage Renal Disease             
Gellert et al 2015 Older adults             
Alvarado 2015 Afro-Caribbean females 
with obesity 
            
Boehm 2013 Older adults             
Smith et al  2012 Older adults             
Bethancourt et al 2014 Older adults             
Oyekanmi and 
Paxton 
2014 Breast cancer             
Blaney et al 2013 Cancers             
Asano et al  2013 Multiple sclerosis             
Kayes et al 2011 2011 Multiple sclerosis             
Bjornsdottir et al  2012 Older females             
Korkiakangas et al  2011 High risk of type 2 
diabetes  
            
De Groot & 
Fagerstrom 
2011 Older adults             
Brittain et al 2012 Middle aged and older 
females 
            
Horne et al 2013 Older south Asian and 
white adults 
            
Patel et al  2013 Older adults              




Mailey et al 2014 Working parents             
Sims-Gould et al 2012 Older females              
Sawchuck et al  2011 American Indian Elders             
Joseph et al 2015 African American 
women  
            
Venditti et al  2014 Overweight/obese 
adults at risk of type 2 
diabetes 
            
Kurti et al  2015 Rural adults with low 
physical activity levels  
            
Justine et al 2013 Middle aged and elderly             
Moschny et al  2011 Older adults              
Napolitano et al 2011 Inactive women              
Schluter et al  2011 Pacific mothers             
Withall et al 2011 All ages; low income             
Rogerson et al 2012 Coronary heart disease 
and depression 
            
Rosenkranz et al  2013 Older adults in New 
Zealand  
            




APPENDIX 15: AHI SCORES (Chapter 3) 
 
Figure 15. AHI scores of the n=30 study participants who subsequently underwent an 
overnight sleep study for diagnosis of OSA. 
 
Mean AHI score across those who underwent an overnight sleep study (n=30) was 23.4 per 
hour of sleep, with a range of 0.1 to 61.5.  Of the n=14 with an AHI ≥15, 12 reported not 
meeting physical activity guidelines.  Most of those with an AHI≤5, indicating no presence of 
OSA, or with positional OSA reported meeting the WHO guidelines for physical activity.  
Bivariate correlation analysis of BMI and recent AHI score identified a positive correlation    






















Meeting PA guidelines Not meeting PA guidelines
AHI scores of n=30 study participants by weekly physical 
activity levels




APPENDIX 16: LETTER TO FOCUS GROUP PARTICIPANTS (Chapter 5) 
 
     





Thank you for agreeing to participate in the next phase of our study, which involves being 
part of a small focus group, to discuss the use of text messaging as a way of encouraging an 
increase in physical activity in adults who have obstructive sleep apnoea (OSA). 
You have been scheduled to attend the focus group on Wednesday 31st January at 1pm.                
The session will be held at the School of Physiotherapy in Dunedin and will last no longer 
than an hour. 
Please find enclosed, a map giving directions to the School of Physiotherapy. (Please note 
that on the no exit part of Great King Street there is a lot of construction going on and 
restricted parking)! On arrival, take the lift to the third floor.  Turn left out of the lift and left 
again once through the double doors.  The meeting room is the first room on your left.   
 
If you are unable to make it on the day, or change your mind about being involved, please 














APPENDIX 17: SCRIPTED FOCUS GROUP INTRODUCTION (Chapter 5) 
 
Focus group introduction 
An investigation of physical activity levels, barriers to activity and emotional well-being 
Welcome and thank you to you all for giving up your time to be involved in the group 
discussion this afternoon. 
One of the key findings from the study you were involved in is that most participants were 
not very physically active.  Most people reported wanting to be more physically active but 
mentioned low motivation as a barrier.  As a result of these findings, we are planning a 
further study which involves a physical activity programme along with text messaging.  Text 
messaging is considered a good choice for communication, since most people have cell 
phones, and reading a text does not require much time commitment.  The aim of the text 
messaging is to provide motivation and support to the study participants who will be 
undertaking exercise prescribed for them to do at home.  We want to find out how best to 
develop text messages which are effective in doing this.   
The aim of the discussion this afternoon is to explore your ideas and opinions about how 
best to develop these text messages.  There are no right or wrong answers; every opinion is 
important and useful.  If any of the questions are unclear, please let me know and I will try 
to express them in a different way. 
Before we start, I would like to begin by defining the terms ‘physical activity’ and ‘text 
messaging’.  
Physical activity is defined as any body movement that requires energy.  This a broad 
definition and could include getting up and walking around the house, or doing housework 
but also something more vigorous, such as playing soccer or running. 
Text messaging is defined as the sending of short electronic messages between two or 
mobile phones. 
As stated on the consent form, this group session will be recorded. The recording will be 
transcribed (typed) onto an electronic file.  However, when the project is completed all 
personal identifying information will be removed from the paper records and electronic files 
which represent the data from the project, and these will be placed in secure storage and 
kept for at least five years.  
Could you please read the consent form.  If you have any questions, please ask us, and then 










An investigation of physical activity levels, barriers to activity and emotional well-being 
 
Principal Investigator: Dr Margot Skinner 
E-mail: margot.skinner@otago.ac.nz 
Telephone number: 03 479 7466 
 
CONSENT FORM FOR PARTICIPANTS 
After signing and return to the research team this form will be stored in a secure place for ten years. 
Name of participant:………………………………………….. 
I have read the Information Sheet/Introduction concerning this study and understand the 
aims of this research project. 
1. I have had sufficient time to talk with other people of my choice about participating in the 
study.   
2. I confirm that I meet the criteria for participation which are explained in the Information 
Sheet. 
3. All my questions about the project have been answered to my satisfaction, and I understand 
that I am free to request further information at any stage.  
4. I know that my participation in the project is entirely voluntary, and that I am free to 
withdraw from the project at any time without disadvantage. 
5. I know that as a participant I will be asked to contribute my opinions on the topic discussed 
(the use of text messaging) and I understand that this will take approximately one hour and 




6. I know that the focus group will explore my opinions on the use of text messaging as a 
method of motivation and support, to increase physical activity.  I understand that if the line 
of questioning develops in such a way that I feel hesitant or uncomfortable I may decline to 
answer any particular question(s) and/or may withdraw from the project without 
disadvantage of any kind. 
7. I understand that the focus group discussion will be recorded and that when the project is 
completed all personal identifying information will be removed from the paper records and 
electronic files which represent the data from the project, and that these will be placed in 
secure storage and kept for at least five years.  
8. I understand that the results of the project may be published and be available in the 
University of Otago Library and I agree that any personal identifying information will remain 
confidential between myself and the researchers during the study, and will not appear in 
any spoken or written report of the study.  
9. I know that there is no remuneration offered for this study, and that no commercial use will 
be made of the data. 
 
Signature of participant:  Date: 
   
   
Signature of Principal Investigator:  Name of Principal Investigator: 
   














APPENDIX 19: FOCUS GROUP QUESTIONS (Chapter 5) 
 
Focus Group Questions 
1. General: Can you describe the ways you think text messaging might be helpful in supporting 
you to be more physically active? 
 
2. Acceptability: How likely would you be to read a text message encouraging you to be 
physically active? (Maybe provide Likert scale?)  What would make you more likely to read a 
text message?  What would make you less likely to read a text message? 
 
3. Type of message: I am going to give you two examples of a text message. (Have examples, 
such as those below, on separate sheets of paper for viewing).   What content/information 
would you like to see included in a text message?  How could a text message be worded to 
best motivate you? 
 
EXAMPLE 1:    Hello Mr Smith.  Hope you are feeling well.  Please remember to try and get out for a 
walk with Pip today.  Remember every little bit helps – even a ten-minute walk has health benefits. 
 
EXAMPLE 2:   Keeping active has health benefits and every little bit of activity helps.  Why not go for                      
a walk today?  
 
4. Length of message: I am going to read you an example of a text message (see below).   
Can you discuss how long your preferred message would be? 
 
EXAMPLE 1: It is important to take control of your health. You are doing a great job so far.  Keep up 
 the good work by going out for a walk today.  Why not ask a friend to join you?  Walking can help 
 improve health and give you more energy.  Try to walk a little every day. 
 
EXAMPLE 2: Walking is good for you.  Why not fit in a walk in your lunch break today. 
5. Time of day: What would be the best time of day for you to receive a text message, to 
encourage you to do some physical activity/exercise? 
 
6. Frequency: How many times a week would you want to receive text messages?  What 
particular days of the week would be more useful than others? 
 
7. Duration: In the next phase of the study, some participants will be randomised to a group 
that attends a community exercise group each week and receives text messages.  The 
exercise sessions will run for 12 weeks. How many weeks would you want to receive text 






8. Uni-directional: How confident would you feel about responding to texts and what 
information, if any, would you want to send in the responses? 
 
9. How likely would you be to respond to a text message encouraging you to be physically 










APPENDIX 20: ETHICS FOR FEASIBILITY STUDY (Chapters 6 & 7) 
 
 
Health and Disability Ethics Committees  
 Ministry of Health  
133 Molesworth Street  
PO Box 5013  
Wellington  
  6011  
  
 0800 4 ETHICS hdecs@moh.govt.nz  
  
19 July 2017  
  
Mrs Sarah Rhodes   
School of Physiotherapy  
University of Otago  
PO Box 56  
Dunedin 9054  
  
Dear Mrs Rhodes   
  
Re:  Ethics ref:  17/STH/105  
  Study title:  Can physical activity intervention in combination with text messaging 
improve functional exercise capacity in adults with obstructive sleep 
apnoea?  
  
I am pleased to advise that this application has been approved by the Southern Health 
and Disability Ethics Committee.  This decision was made through the HDEC-Expedited 
Review pathway.  
  
Conditions of HDEC approval  
  
HDEC approval for this study is subject to the following conditions being met prior to the 
commencement of the study in New Zealand.  It is your responsibility, and that of the 
study’s sponsor, to ensure that these conditions are met.  No further review by the 
Southern Health and Disability Ethics Committee is required.  
 
Standard conditions:  
Before the study commences at any locality in New Zealand, all relevant regulatory approvals must 





1. Before the study commences at any locality in New Zealand, it must be 
registered in a clinical trials registry. This should be a WHO-approved (such as the 
Australia New Zealand Clinical Trials Registry, www.anzctr.org.au). However 
https://clinicaltrials.gov/ is acceptable provided registration occurs prior to the 
study commencing at any locality in New Zealand.    
  
2. Before the study commences at a given locality in New Zealand, it must be 
authorised by that locality in Online Forms.  Locality authorisation confirms that 
the locality is suitable for the safe and effective conduct of the study, and that 
local research governance issues have been addressed.  
  
After HDEC review   
 Please refer to the Standard Operating Procedures for Health and Disability Ethics 
Committees (available on www.ethics.health.govt.nz) for HDEC requirements relating to 
amendments and other post-approval processes.    
  
Your next progress report is due by 18 July 2018.  
 Participant access to ACC  
  
The Southern Health and Disability Ethics Committee is satisfied that your study is not a 
clinical trial that is to be conducted principally for the benefit of the manufacturer or 
distributor of the medicine or item being trialled.  Participants injured as a result of 
treatment received as part of your study may therefore be eligible for publicly-funded 
compensation through the Accident Compensation Corporation (ACC).  
  
Please don’t hesitate to contact the HDEC secretariat for further information.  We wish 
you all the best for your study.  
  




Ms Raewyn Idoine  
Chairperson  




APPENDIX 21: MĀORI CONSULTATION APPROVAL (Chapters 6 & 7) 
NGÄI TAHU RESEARCH CONSULTATION COMMITTEE 
TE KOMITI RAKAHAU TAHU 
 
 
Wednesday, 07 June 2017. 
 
Dr Margot Skinner 




Tenä koe Dr Margot Skinner, 
Physical activity and text messaging to improve exercise capacity in 
obstructive sleep apnoea (OSA) 
The Ngäi Tahu Research Consultation Committee (the committee) met on Tuesday, 06 
June 2017 to discuss your research proposition. 
By way of introduction, this response from The Committee is provided as part of the 
Memorandum of Understanding between Tc Rünanga o Ngäi Tahu and the University. 
In the statement of principles of the memorandum it states "Ngäi Tahu acknowledges 
that the consultation process outline in this policy provides no power of veto by Ngäi 
Tahu to research undertaken at the University of Otago". As such, this response is not 
"approval" or "mandate" for the research, rather it is a mandated response from a Ngäi 
Tahu appointed committee. This process is part of a number of requirements for 
researchers to undertake and does not cover other issues relating to ethics, including 
methodology they are separate requirements with other committees, for example the 
Human Ethics Committee, etc. 
Within the context of the Policy for Research Consultation with Mäori, the Committee 
base consultation on that defined by Justice McGechan: 
"Consultation does not mean negotiation or agreement. It means: setting out a 
proposal not fully decided upon; adequately informing a party about relevant 
information upon which the proposal is based; listening to what the others have io say 
with an open mind (in that there is room to be persuaded against the proposal); 
undertaking that task in a genuine and not cosmetic manner.  Reaching a decision that 
may or may not alter the original proposal." 
The Ngäi Tahu Research Consultation Committee has membership from: 
 
Te Rünanga o Otakou Incorporated 
Käti Huirapa Rünaka ki Pukeieraki 




NGAI TAHU RESEARCH CONSULTATION COMMITTEE 
TE KOMITI RAKAHAU TAHU 
 
The Committee considers the research to be of importance to Mäori health. 
The Committee notes and commends that ethnicity data is to be collected using the 
questions on self-identified ethnicity and descent contained in the latest census. 
The Committee notes and commends the commitment to disseminate the 
research findings to relevant Mäori health organisations regarding this study, 
including Taeora Tinana, Maori Physiotherapists within the New Zealand Society 
of Physiotherapists. 
We wish you every success in your research and the committee also requests a copy 
of the research findings. 
 
 
This letter of suggestion, recommendation and advice is current for an 18 month period 
from Tuesday, 06 June 2017 to 6 December 2018. 
 
 




Kaiwhakahaere Rangahau Mäori 
Research Manager Mäori 
Research Division 
Te Whare Wänanga o Otägo 





The Ngäi Tahu Research Consultation Committee has membership from: 
Te Rünanga o Otäkou Incorporated 
Käti Huirapa Rünaka ki Puketeraki 







APPENDIX 22: PARTICIPANT INFORMATION SHEET FOR FEASIBILITY 









Study title: Physical activity and text messaging to improve exercise capacity in 
obstructive sleep apnoea (OSA). 
 
Locality: Dunedin Ethics committee ref.: 17/STH/105 
Lead investigator: Dr Margot Skinner Contact phone number: 03 479 7466 
 
You are invited to take part in a study that involves physical activity and use of text messaging 
to improve exercise levels in adults with obstructive sleep apnoea (OSA).  If you do not want 
to take part, you don’t have to give a reason, and it will not affect the care you receive.  If you 
do want to take part now, but change your mind later, you can pull out of the study at any time.   
 
This Participant Information Sheet sets out why we are doing the study, what you would need 
to do, what the benefits and risks to you might be, and what will happen after the study ends.  
We will go through this information with you and answer any questions you may have.  You 
do not have to decide today if you wish to be involved in this research. Before you decide you 
may want to talk about the study with other people, such as family, whānau, friends, or 
healthcare providers.   
 
If you agree to take part in this study, we will ask you to sign the Consent Form on the last 
page of this document.  We will give you a copy of both the Participant Information Sheet and 





This document is 6 pages long, including the Consent Form.  Please make sure you have read 
and understood all the pages. 
 
WHAT IS THE PURPOSE OF THE STUDY? 
Our study looks at different ways of supporting people with OSA to be more active. This will 
involve exercising in a group, or doing individual exercise, with or without text messaging for 
support.  There have not been any studies on this in adults with your condition. 
 
At present, adults diagnosed with OSA in our region are referred back to their GPs when they 
do not meet criteria for treatment.  We think that a physical activity programme may provide 
health benefits to this group as well as to others who do meet the level for treatment. If you 
agree to be involved in this study, we will place you into one of the three groups at random, 
which involves either text messages for support, or a physical activity programme run by a 
physiotherapist, or both. The random selection ensures that there are no known differences 
between the groups.  We will provide you with an individual activity programme suitable for 
your level of health and physical activity.  So that they do not influence any results, the 
physiotherapist running the physical activity classes will not know whether people are getting 
text messages for support or not. 
 
This study is funded through the School of Physiotherapy at the University of Otago.  The 
primary investigator is Dr Margot Skinner, who is based at the School of Physiotherapy, and 
can be contacted on (03) 479 7466 or margot.skinner@otago.ac.nz  to answer questions you 
may have before you decide whether to join the study.   
 
If you decide you wish to be involved in the study, please contact Marina Moss, the 
Clinical Research Administrator at the School of Physiotherapy on (03) 479 4979 to 
arrange an appointment. 
 
WHAT WILL MY PARTICIPATION IN THE STUDY INVOLVE? 
You have been chosen for this study as you have signs of OSA, including feeling tired on first 
waking and/or feeling sleepy during the day.  Being in the study will mean that you have group 
activity for 12-weeks and/or support from a physiotherapist in the form of text messages to 
help you keep active.  If you choose to be in the study but the overnight sleep test shows you 
do not have OSA, you will no longer be included in the study.  However, you could still join the 
physical activity class if you have a referral from your GP. 
 
At the start of the study, you will meet with the researcher for about 90 minutes. At this meeting, 
you will be asked to fill in six short questionnaires and some measurements will be taken: 




grip strength and the distance you can walk in six minutes.  Some of the questionnaires include 
sensitive information.  You will fill in all the questionnaires, without the help of the researcher, 
and the questionnaires will have a number code on them, instead of your name.  Before you 
leave, you will be given a small device (the size of a man’s watch) to wear on your wrist.  This 
is to monitor your activity levels for seven days and nights.  It must be removed when 
showering or swimming. 
 
After the first meeting, if you are in one of the groups involving group physical activity, we will 
ask you to attend a class at the Unipol gym for an hour a week.  The entrance is on Anzac 
Avenue, next to the Plaza Café, at the Forsyth Barr Stadium.   
 
Each person in the study will attend two follow-up meetings, each lasting about an hour, where 
the same questionnaires and measurements will be repeated.  These will be at 12 weeks, and 
24 weeks after the first meeting.  You will also be asked to fill in just the questionnaires at 6 
weeks and this can be done at home. 
 
After completion of the study, we are interested in getting feedback from participants about 
their involvement, and the acceptability of the exercise programme and/or text messages.  
This would involve a single phone interview lasting no more than 30 minutes.  Participants will 
only be given the opportunity to be interviewed if they wish to be so. 
 
WHAT ARE THE POSSIBLE BENEFITS AND RISKS OF THIS STUDY? 
We will provide you with a personal activity plan based on the findings from the first meeting 
and advice on how to get started with exercise and how to monitor yourself to work at the right 
level of effort and comfort. The physical activity class will be run by a physiotherapist who is 
used to helping people who may have been physically inactive. The benefits of the study may 
include an increase in your activity levels and some positive changes in your health.  You will 
receive a contact phone number at the start of the study, should you wish to seek advice at 
any time during the research. We will also inform your GP that you are involved in the study if 
you agree to let us do so.  There is a small degree of risk involved in starting physical activity 
if you have not done much before.  The risk is small, such as slight muscle soreness, but the 
benefits of starting to do some activity outweigh the risks.   
 
WHO PAYS FOR THE STUDY? 
Being in the study will not cost you anything.  There will be no charge for going to the classes 





WHAT IF SOMETHING GOES WRONG? 
If you were injured during the exercise group in this study, which is unlikely, you would be 
eligible for compensation from ACC just as you would be if you were injured in an accident at 
work or at home. You will have to lodge a claim with ACC, which may take some time to 
assess. If your claim is accepted, you will receive funding to assist in your recovery. Here is 




If you have private health or life insurance, you may wish to check with your insurer that taking 
part in this study will not affect your cover. 
 
WHAT ARE MY RIGHTS? 
You are free to decide not to be in this study and, if you do choose to be involved, you may 
withdraw at any time and without any disadvantage to yourself.  You have a right to access 
information collected about you as part of the study.   Any new information that emerges during 
the study that might impact your health, either positively or negatively, will be made available 
to you.  Data obtained will remain anonymous using the code numbers for the data sets, so 
no-one can be identified. The data will remain confidential to the researchers involved 
throughout. 
 
WHAT HAPPENS AFTER THE STUDY OR IF I CHANGE MY MIND? 
Following completion of the study, the group physical activity class will be available to anyone 
who wishes to continue; there is a gold coin donation system in place for each session. 
 
Study data will be available to the research team and a research assistant.  Names will not be 
used on any records.  Any printed records will be stored in a locked filing cabinet and all data 
on the computer will be password protected.  Any raw data on which the results of the project 
depend will be stored securely for at least ten years in a locked filing cabinet. Since we may 
publish the results of the study in a journal that requires the public storage of data, data storage 
may be changed to public storage in the future, with the data remaining anonymous. 
 
Once finished, the main findings of the study will be available to anyone who was involved, in 
electronic or printed form.  This will be available in December 2020.  The study findings will 
be presented at local, national, and international conferences, and article/s published in a 





WHO DO I CONTACT FOR MORE INFORMATION OR IF I HAVE CONCERNS? 
If you have any questions, concerns, or complaints about the study at any stage, you can 
contact:  
 
 Dr Margot Skinner, Principal Investigator School of Physiotherapy 
 Phone: (03) 479 7466 
 Email: margot.skinner@otago.ac.nz  
 
If you want to talk to someone who isn’t involved with the study, you can contact an 
independent health and disability advocate on: 
 
Phone:  0800 555 050 
Dunedin: (03) 479 0265 
Invercargill: (03) 214 0415 
Fax:   0800 2 SUPPORT (0800 2787 7678) 
Email:   advocacy@hdc.org.nz 
 




You can also contact the Health and Disability Ethics Committee (HDEC) that approved this 
study on: 
 
 Phone:  0800 4 ETHICS 
























Please tick to indicate you consent to the following (Add or delete as appropriate) 
 
I have read, or have had read to me in my first language, and I 
understand the Participant Information Sheet.   
Yes  No  
I have been given sufficient time to consider whether or not to 
participate in this study. 
Yes  No  
I have had the opportunity to use a legal representative, whanau/ 
family support or a friend to help me ask questions and understand 
the study. 
Yes  No  
I am satisfied with the answers I have been given regarding the 
study and I have a copy of this consent form and information sheet. 
Yes  No  
I understand that taking part in this study is voluntary (my choice) 
and that I may withdraw from the study at any time without this 
affecting my medical care. 
Yes  No  
I consent to the research staff collecting and processing my 
information, including information about my health. 
Yes  No  
If I decide to withdraw from the study, I agree that the information 
collected about me up to the point when I withdraw may continue to 
be processed. 
Yes  No  
I consent to my GP and/or Consultant at the OSA Clinic being 
informed about my participation in the study and of any significant 
abnormal results obtained during the study. 
Yes  No  
I agree to an approved auditor appointed by the New Zealand 
Health and Disability Ethic Committees, or any relevant regulatory 
authority or their approved representative reviewing my relevant 
medical records for the sole purpose of checking the accuracy of 
the information recorded for the study. 
Yes  No  
If you need an INTERPRETER, please tell us. 
 
If you need an INTERPRETER, please tell us. 
 
If you need an INTERPRETER, please tell us. 
 
If you need an INTERPRETER, please tell us. 
 
If you need an INTERPRETER, please tell us. 
 
If you need an INTERPRETER, please tell us. 
 
If you need an INTERPRETER, please tell us. 
 
If you need an INTERPRETER, please tell us. 
 
If you need an INTERPRETER, please t ll us. 
 
If you need an INTERPRETER, please tell us. 
 
If you need an INTERPRETER, please tell us. 
 
IF YOU NEED IF YOU ARE ON THE WAITING LIST 
FOR, OR HAVE HAD, AN OVERNIGHT SLEEP 
STUDY 
 
IF YOU ARE ON THE WAITING LIST FOR, 
OR HAVE HAD, AN OVERNIGHT SLEEP 
STUDY 
 
IF YOU ARE ON THE WAITING LIST FOR, 





I understand that my participation in this study is confidential and 
that no material, which could identify me personally, will be used in 
any reports on this study. 
Yes  No  
I understand the compensation provisions in case of injury during 
the study. 
Yes  No  
I know who to contact if I have any questions about the study in 
general. 
Yes  No  
I understand my responsibilities as a study participant. Yes  No  
I wish to receive a summary of the results from the study. Yes  No  
I wish to provide feedback following completion of the study in the 
form of a single interview. 
Yes  No  
 
 
Declaration by participant: 






Declaration by member of research team: 
 
I have given a verbal explanation of the research project to the participant, and have 
answered the participant’s questions about it.   
 








APPENDIX 24: LETTER OF INVITATION FOR FEASIBILITY STUDY 
(Chapter 6) 
 
LETTER OF INVITATION 
Invitation to participate in a research project titled: “Physical activity 




You were referred to the Sleep Clinic for further investigation of your symptoms that may be 
associated with obstruction to your breathing whilst asleep (obstructive sleep apnoea or ‘OSA’). The 
Sleep Service Patient Questionnaire that you completed and returned has been analysed. People 
referred to the Sleep Service with symptoms such as yours are being invited to participate in a 
research study that involves investigation of the benefits of physical activity for adults with OSA.   
The initial research appointment would be conducted prior to your scheduled overnight sleep study 
at a time which is convenient to you and should take about 90 minutes.  At the initial research 
appointment, the following baseline measurements would be taken: height, weight, blood pressure, 
heart rate, grip strength, neck circumference, waist circumference, and distance walked in six 
minutes. At the end of the appointment you would be asked to wear a device that measures physical 
activity levels over seven days and nights.  In addition, there will be several questionnaires to 
complete. Participants will be randomly allocated to one of three intervention groups, involving 
supervised or unsupervised physical activity, with or without text messaging.  All these measures 
would be repeated at 12 and 24 weeks.   
An information sheet which contains more detail about the study is attached. 
If you are interested in being involved in the study, contact Dr Margot Skinner, the principal 
investigator, directly on 03 4797466 or email margot.skinner@otago.ac.nz; if you wish to participate 
Dr Skinner will answer any questions you may have and organise an appointment time and date at 
the School of Physiotherapy (opposite the Dental School).  A further opportunity to ask questions 
will be provided prior to signing the written consent form at the research appointment with Sarah 
Rhodes, the physiotherapist undertaking the research.  If you complete the form to participate and 
later decide to withdraw from this study this can be done at any time without any negative 
consequences by advising the researcher. 
Thank you for your time. 
Yours sincerely 
 
If you are interested in participating in the study please, either: Email Dr Skinner: 
margot.skinner@otago.ac.nz OR call 03 4977466 and leave a message. 
 
Dr Ben Brockway 
Consultant/Co-investigator 
 







Dr Margot Skinner 
Principal Investigator 
 
Dr Margot Skinner 
Principal Investigator 
 
Dr Margot Skinner 
Principal Investigator 
 
D R  




APPENDIX 25: HEALTH INFORMATION LETTER (Chapter 6) 
 
Dear [Physiotherapist’s name] 
 
Please find attached some assessment information on [Participant’s name] 
who will begin attending your class on Wednesday for 12 weeks. 
 
DOB: 







Baseline Measurements (21/2/2018)  
Resting blood pressure (mm/Hg)  
Waist circumference (cm)  
BMI   
6MWD (metres)  
Grip strength (L)  
Grip strength (R)  
5x sit-to-stand (secs)  
 
 
Pre-screening questionnaire completed and cleared for exercise √ 
Exercise guidelines provided √ 
 
Please do not hesitate to contact me if you require further information. 









APPENDIX 26: EXERCISE PROGRAMME TEMPLATE (Chapter 6) 
Physical Activity Programme (week 1 - 12) @ Unipol 
           
                    
 Participant Details   Week 1 & 2             
 Age     Cardio Exercises Time Effort   Sessions per week      
                    
 Gender                  
                    
 Height (cms)                  
                    
 Weight (kgs)     Week 3 & 4            
       Cardio Exercises Reps Effort   Sessions per week      
 Waist (cms)                  
                    
 Neck (cms)                  
                    
                  






Reps Effort Sets         Sessions per week   
 
 GP name:                
                    
 GP number:                
                  
 




Reps Weight  Sets         Sessions per week   
 






APPENDIX 27: GENERAL PARTICIPANT INFORMATION FOR FEASIBILITY 
STUDY (Chapter 6) 
 
Participant number:        Date: 
What is your date of birth (age): 
What sex are you?    Male/Female/Other 
What ethic group/s do you belong to? 
 
NZ European      Tongan 
Māori       Niuean 
Cook Island Māori     Chinese 
Samoan      Indian 
Tokelauan’      Other: state which, e.g. Dutch, Japanese 
 
What is your level of education:   No schooling completed/high school/tertiary 
What is your current employment status: 
• Unemployed/Employed/self-employed/retired/student/homemaker/other 
List any medical conditions you have: 
List any medications you are currently taking? 
What is your current level of physical activity?  
What is your smoking history? 
• Never smoked/Ex-smoker/Current smoker 
Number of years you have smoked: 
Number of cigarettes/day?                           
How many hours of sleep do you get in a typical 24-hour period? (including naps) 
Have you ever been prescribed CPAP? 
 
Are you currently using CPAP? 
 
How long have you been using it? 
 
How many hours a night, on average, do you use it? 
 




APPENDIX 28: GOAL SETTING AND ACTION PLANNING SHEET (Chapter 
6) 
 
GOAL SETTING AND ACTION PLANNING 
 
What are your general thoughts about physical activity? 
 
What do you regard as barriers to you doing physical activity? 
 
Can these be overcome?  How?   If………, then…………… (E.g. If the weather is fine, then I 
will walk to the local shop) 
 
What is your main health concern? 
 
On a scale of 1-10, how likely are you to do more physical activity? (Likert scale) 
 
Given everything else going on in your life, how important is doing this physical activity to 
you? 
 
Why would you want to do more physical activity/strengthening?  (give reasons) 
 













APPENDIX 29: INFORMATION SHEET FOR PARTICIPANTS (Chapter 6) 
Obstructive sleep apnoea in adults 
 
What is obstructive sleep apnoea (OSA)? 
Obstructive sleep apnoea, or OSA, is a condition characterised by recurrent partial 
or complete collapse of the upper airway during sleep, resulting in periods of where 
airflow is reduced or breathing ceases completely, with an associated drop in oxygen 
levels and sleep disturbance. Symptoms often go undiagnosed, leaving sufferers to 
manage the levels of fatigue associated with prolonged sleep disturbance and the 
resulting impact on quality of life.  In addition, without intervention, there are 
increased health risks of cardiovascular disease, diabetes, hypertension, and stroke. 
Symptoms 
-  Loud snoring 
- Excessive daytime sleepiness 
- Feeling tired and unrefreshed on waking 
- Morning headaches 
- Getting up to the toilet more than once a night 
- Waking with a choking or gasping sensation 
- Poor concentration and memory  
- Low energy levels 
Risk factors 
- Sex: affects males twice as much as females 
- Increasing age  
- Obesity 
- Narrow upper airway 
- Large neck circumference 
The most effective treatment for moderate/severe sleep apnoea is CPAP 
(continuous positive airway pressure).  An airtight mask over the nose/mouth is 
attached to a device which generates pressure, helping to keep the upper airway 
open during sleep.  It should be worn every night. 
What is physical activity? 
Physical activity is any body movement that works your muscles and requires more 
energy than resting. Examples include walking, dancing, swimming, gardening, and 
housework.  Studies have shown that physical activity can be effective in the 
management of OSA. 




- Reduced blood pressure 
- Reduced cardiovascular risk  
- Changes in fat distribution 
- Supports weight loss 
- Improved energy levels, so able to do more 
- Enhanced mood 
- Improved function 
- Improved quality of life 
- Meet new people 
NZ Ministry of Health Recommendations for Physical Activity 
1. Sit less, move more!  Break up long periods of sitting by standing up or going 
for a short walk. 
2. Do at least 2 ½ hours of moderate physical activity during the week.  For 
example, 30 minutes, 5 times a week.  This can be in bouts of 10 minutes or 
more.  Moderate intensity means you are have a noticeable increase in breathing 
but are still able to talk whilst exercising. 
3. Do muscle strengthening activities on at least 2 days each week. 
4. Doing some physical activity is better than doing none. 
Tips for getting started and keeping going 
• Choose an activity you enjoy. 
• Get active with a partner, friend or family member. 
• Make activity part of your daily routine.   
• Walk short distances rather than driving. 
• Walk the dog for an extra ten minutes a day. 
• Take the stairs rather than the lift. 
• Park the car further away when you drive to the shops, or to work, and walk a 
bit further. 
• Reward yourself with a small gift when you achieve your goal. 
Everyone has to start somewhere. Even if you've been sedentary for years, 
today is the day you can begin to make healthy changes in your life. If you 
don't think you'll make it for 30 or 40 minutes,  
set a reachable goal for today. You can work up toward your overall goal by 
increasing your time as you get stronger. Don't let all-or-nothing thinking rob 
you of doing what you can every day. 
                                                           American Heart Association (2017) 
 




















Perform __ sets of __ reps. 
Do__ sessions per week. 
 
Therapist's aim 
To strengthen the quadriceps. 
Client's aim 
To strengthen the muscles in your thigh. 
Therapist's instructions 
Position the patient in standing with one leg comfortably in front. 
Ensure that their back knee drops towards the floor and that their 
front knee does not come beyond their toes. 
Client's instructions 
Position yourself in standing with one leg comfortably in front. 
Ensure that your back knee drops towards the floor and that your 
front knee does not come beyond your toes. 
 
 
Wall push ups 
 
Perform __ sets of __ reps. 
Do__ sessions per week. 
 
Therapist's aim 
To strengthen the shoulder muscles. 
Client's aim 
To strengthen your shoulder muscles. 
Therapist's instructions 
Position the patient in standing and leaning forward with hands 
supported on a wall. Instruct the patient to do push-ups through 
their hands so their chest lifts away from the wall. Ensure that 
their hips remain extended. 
Client's instructions 
Position yourself standing and leaning forward with hands 
supported on a wall. Practice doing push-ups through your hands 







Wall squats with ball between knees 
 
Perform __ sets of __ reps. 
Do__ sessions per week. 
 
Therapist's aim 
To strengthen the quadriceps. 
Client's aim 
To strengthen your thigh muscles. 
Therapist's instructions 
Position your patient standing against a wall with a ball between 
their knees. Instruct the patient to flex their knees. Ensure that 
their back remains straight, heels stay on the floor and weight is 
equally borne through both legs. Ensure the feet are straight and 
knees flex in line with feet. 
Client's instructions 
Position yourself standing with your back against the wall and a 
ball between your knees. Start with your knees straight. Finish with 
your knees bent. Ensure to keep your back straight and your heels 
on the floor and your weight is equally borne through both legs. 









Perform __ sets of __ reps. 
Do__ sessions per week. 
 
Therapist's aim 
To strengthen the ankle plantar flexors. 
Client's aim 
To strengthen your calf muscles. 
Therapist's instructions 
Position the patient in standing. Instruct the patient to plantarflex 
their ankles. Ensure weight is equally borne through both legs. 
Client's instructions 
Position yourself standing. Start with your heels on the ground. 
Push up on your toes. 
Progressions and variations 
Less advanced: 1. Provide hand support for balance. More 






Single heel raise in standing 
 
Hold for __ seconds. 
Repeat __ times. 
 
Therapist's aim 
To strengthen the ankle plantar flexors. 
Client's aim 
To strengthen your calf muscles. 
Therapist's instructions 
Position the patient standing on one leg. Instruct the patient to 
plantarflex their ankle and push up on their toes. 
Client's instructions 
Position yourself standing on one leg. Start with your heel on the 
ground. Push up on your toes. 
Progressions and variations 
Less advanced: 1. Provide hand support for balance. More 








Perform __ sets of __ reps. 
Do__ sessions per week. 
 
Therapist's aim 
To strengthen your leg extensors. 
Client's aim 
To strengthen the muscles that straighten your leg. 
Therapist's instructions 
Position your patient standing with hands supported on the back 
of a chair or table. Instruct the patient flex their knees. Ensure the 
back remains straight and heels stay on the floor and weight is 
equally borne through both legs. 
Client's instructions 
Position yourself standing holding onto the back of a chair or table. 
Start with your knees straight. Bend your knees and move your 
bottom back. Ensure to keep your back straight and your heels on 
the  floor and your weight is equally borne through both legs. 
Progressions and variations 
Less advanced: 1. Decrease the amount of knee bend. More 
advanced: 1. Increase the amount of knee bend. 2. Progress using 






Sit to stand from chair with arms crossed 
 
Perform __ sets of __ reps. 
Do__ sessions per week. 
 
Therapist's aim 
To strengthen the leg extensors. 
Client's aim 
To strengthen the muscles that straighten your legs. 
Therapist's instructions 
Position the patient sitting on a chair with their arms crossed and 
feet shoulder width apart. Instruct the patient to stand up and sit 
down slowly on the chair. Ensure the shoulders move forward 
while moving between sitting and standing and that weight is 
borne equally through both legs. 
Client's instructions 
Position yourself sitting on a chair with your arms crossed and feet 
shoulder width apart. Bring your shoulders forwards and stand up. 
Stick your bottom back and return to sitting. 
Progressions and variations 
Less advanced: 1. Increase the height of the chair. More advanced: 
1. Lower the height of the chair. 2. Perform slowly. 
Precautions 






Isometric shoulder abduction 
 
Hold for __ seconds. 
Repeat __ times. 
 
Therapist's aim 
To strengthen the shoulder abductors. 
Client's aim 
To strengthen the muscles on the side of your shoulder. 
Therapist's instructions 
Position the patient sideways to the wall, elbow bent and a pillow 
between their arm and the wall. Instruct the patient to press their 
arm into the wall and activate the shoulder abductors. Ensure that 
they keep their arm still. 
Client's instructions 
Position yourself sideways to the wall. Bend your elbow and place 
a pillow between your arm and the wall. Press your arm into the 
wall. Ensure that you keep your arm still. 
 
 
Isometric shoulder extension 
 
Perform __ sets of __ reps. 
Do__ sessions per week. 
 
Therapist's aim 
To strengthen shoulder extensors. 
Client's aim 
To strengthen the muscles at the back of your shoulder. 
Therapist's instructions 
Position the patient in standing with their back against a wall, 
elbow bent and pillow between their arm and the wall. Instruct the 
patient to press the back of their arm into the wall and activate 
shoulder extensors. 
Client's instructions 
Position yourself standing with your back against a wall and elbow 
bent. Place a pillow between your arm and the wall. Press the back 






Isometric shoulder flexion 
 
Hold for __ seconds. 
Repeat __ times. 
 
Therapist's aim 
To strengthen the shoulder flexors. 
Client's aim 
To strengthen the muscles at the front of your shoulder. 
Therapist's instructions 
Position the patient standing facing the wall. Instruct the patient to 
bend their elbow and to place a pillow between their fist and the 
wall. Instruct the patient to press their fist into the wall and 
activate the shoulder flexors. Ensure that the patient keeps the 
arm still. 
Client's instructions 
Position yourself standing facing a wall. Bend your elbow and place 
a pillow between your fist and the wall. Press your fist into the 






Push-ups on table 
 




To strengthen the shoulder horizontal adductors and elbow 
extensors. 
Client's aim 
To strengthen the muscles at the front of your shoulder, chest and 
elbows. 
Therapist's instructions 
Position the patient in standing and leaning forward with hands 
supported on a table. Instruct the patient to do push-ups through 
their hands so their chest lifts away from the table. Ensure hips 
remain extended. 
Client's instructions 
Position yourself standing and leaning forward with hands 
supported on a table. Practice doing push-ups through your hands 
so that your chest lifts away from the table. Ensure to keep your 
hips straight. 
Progressions and variations 
Less advanced: 1. Increase the height of the table. More advanced: 







Shoulder retractor strengthening in standing 
 
Hold for __ seconds. 
Repeat __ times. 
 
Therapist's aim 
To strengthen the shoulder retractors. 
Client's aim 
To strengthen your shoulder muscles. 
Therapist's instructions 
Position the patient standing in an erect posture. Instruct the 
patient to retract their shoulder blades. Ensure that the rhomboids 
and lower trapezius are activated. 
Client's instructions 
Position yourself standing up straight. Practice pulling your 











       
Wk 
2 




       
Wk 
2 




       
Wk 
2 




       
Wk 
2 




       
Wk 
2 




       
Wk 
2 
       
Wk 
1 











       
Wk 
2 




       
Wk 
2 




       
Wk 
2 




       
Wk 
2 




       
Wk 
2 








APPENDIX 31: TEXT MESSAGE PLANNER (Chapter 6) 
 
Participant Details for text messaging 
 
Preferred name:                                                                          
Nickname, if any: 
Support person/partner/friend: 
Pet name/s and type/s (if any): 
Current weekly activities undertaken – inside/outside (if any): 
Preferred activity/activities: 
Preferred time of day to be physically active: 
Activity goals: 
Barriers to being active: 
Preferred time of day to receive text messages:  
Preferred length of text messages: 
Preferred content of text messages: 
Preferred frequency and regularity of text messages: 














APPENDIX 32: FIVE TIMES SIT-TO-STAND TEST PROTOCOL (Chapter 6) 
 
Five times Sit to Stand Test 
 
Method: 
Use a straight back chair with a solid seat that is 16” high. Ask participant to sit on the chair 
with arms folded across their chest.   
Instructions: 
“Stand up and sit down as quickly as possible 5 times, keeping your arms folded across your 
chest.”   
Measurement: 
Stop timing when the participant stands the 5th time. 
Outcomes: 
• (Guralnik 2000) 
Inability to rise from a chair five times in less than 13.6 seconds is associated with 
increased disability and morbidity 
•  (Buatois, et al., 2008) 
The optimal cut-off time for performing the FTSS test in predicting recurrent fallers 
was 15 seconds (sensitivity 55%, specificity 65%).  2,735 subjects aged 65 and older 
in an apparently good state of health were tested.   
 
• (Bohannon, 2006) 
Metaanalysis results “demonstrated that individuals with times for 5 repetitions of 
this test exceeding the following can be considered to have worse than average 
performance”  (Bohannon, 2006) 
o 60‐69 y/o  11.4 sec 
o 70‐79 y/o 12.6 sec 
o 80‐89 y/o 14.8 sec 
 
References: 
Buatois S, Miljkovic D, Manckoundia P, Gueguen R, Miget P, Vancon G et al. Five times sit to 
stand test is a predictor of recurrent falls in healthy community‐living subjects aged 65 and 
older. J Am Geriatr Soc 2008; 56(8):1575‐1577. 
Bohannon RW. Reference values for the five‐repetition sit‐to‐stand test: a descriptive 




APPENDIX 33: SIX MINUTE WALK DISTANCE PROTOCOL (Chapter 6) 
 
Six-minute walk test (6MWT) instructions 
  
Prior to starting the test: 
The object of this test is to walk as FAR AS POSSIBLE for 6 minutes. You will walk back and 
forth in this hallway  for six minutes. Six minutes is a long time to walk, so you will be 
exerting yourself.  You will probably get out of breath or become exhausted. You are 
permitted to slow down, to stop, and to rest as necessary.  You may lean against the 
wall/chair while resting but resume walking as soon as you are able. You should pivot briskly 
around the cones and continue back the other way without hesitation.  Now I am going to 
show you. Please watch the way I turn without hesitation. 
Are you ready to do that?  Am going to use a tally chart to keep track of the number of laps 
you complete.  Remember that the objective is to walk as far as possible for 6 minutes but 
don’t jog or run. Start when I say GO. 
I will let you know each minute that passes. 
When six minutes is up I will ask you to STOP where you are. Do you have any questions? 
 
During the test:  
Provide the following standard encouragements in  even tones. Do not use other words of 
encouragement or body language to speed up.  
• At 1 minute: You are doing well. You have 5 minutes to go. 
• At 2nd minute: Keep up the good work. You have  4 minutes to go.  
• At 3rd minute: You are doing well. You are halfway done.  
• At 4th minute: Keep up the good work. You have  only 2 minutes left.  
• At 5th minute: You are doing well. You have only 1 minute to go.  
• At 6th minute: Please stop where you are. 
 
At the end of the test:  
Note the exact point on the floor where the participant finished. Record the total distance 
walked. 






APPENDIX 34: FUNCTIONAL OUTCOMES OF SLEEP QUESTIONNAIRE 
(FOSQ) (Chapter 6) 
 
Functional Outcomes of Sleep Questionnaire (FOSQ)  
Some people have difficulty performing everyday activities when they feel tired or 
sleepy.  The purpose of this questionnaire is to find out if you generally have difficulty carrying 
out certain activities because you are too sleepy or tired.  In this questionnaire, when the 
words "sleepy" or "tired" are used, it means the feeling that you can't keep your eyes open, 
your head is droopy, that you want to "nod off", or that you feel the urge to take a nap.  These 
words do not refer to the tired or fatigued feeling you may have after you have exercised. 
Directions: Please put a check in the box for your answer to each question.  Select 
only one answer for each question.  Please try to be as accurate as possible.  
 
SCORING for questions 1-14  
(0)I don't do this 
activity for other 
reasons 




Q1. Do you generally have difficulty concentrating on the things you do because you are sleepy or 
tired?  1  2  3  4  
Q2. Do you generally have difficulty remembering things because you are sleepy or tired?  1  2  3  4  
Q3. Do you have difficulty finishing a meal because you become sleepy or tired?  1  2  3  4  
Q4. Do you have difficulty working on a hobby (for example: sewing, collecting, gardening) because 
you are sleepy or tired?  0  1  2  3  4  
Q5. Do you have difficulty doing work around the house (for example: cleaning house, doing laundry, 
taking out the trash, repair work) because you are sleepy or tired?  0  1  2  3  4  
Q6. Do you have difficulty operating a motor vehicle for short distances (less than 100 miles) 
because you become sleepy or tired?  0  1  2  3  4  
Q7. Do you have difficulty operating a motor vehicle for long distances (greater than 100 miles) 
because you become sleepy or tired?  0  1  2  3  4  
Q8. Do you have difficulty getting things done because you are sleepy or tired to drive or take public 
transportation?  0  1  2  3  4  
Q9. Do you have difficulty taking care of financial affairs and doing paperwork (for example: writing 
checks, paying bills, keeping financial records, filing out tax forms, etc.) because you are sleepy or 
tired?   0  1  2  3  4  
Q10. Do you have difficulty performing employed or volunteer work because you are sleepy or tired?  




Q11. Do you have difficulty maintaining a telephone conversation because you become sleepy or 
tired?  0  1  2  3  4  
Q12. Do you have difficulty visiting with your family or friends in your home because you become 
sleepy or tired?  0  1  2  3  4  
Q13. Do you have difficulty visiting with your family or friends in their home because you become 
sleepy or tired?  0  1  2  3  4  
Q14. Do you have difficulty doing things for your family or friends because you are too sleepy or 
tired?  0  1  2  3  4  
Q15. Has your relationship with family, friends or work colleagues been affected because you are 
sleepy or tired?  1  2  3  4  
(4) No  (3) Yes, a little  (2) Yes, moderately (1) Yes, extremely 
 
SCORING for questions 16-25 
(0)I don't do this 
activity for other 
reasons 




Q16. Do you have difficulty exercising or participating in a sporting activity because you are too 
sleepy or tired?  0  1  2  3  4  
Q17. Do you have difficulty watching a movie or videotape because you become sleepy or tired?   
0  1  2  3  4  
Q18. Do you have difficulty enjoying the theater or a lecture because you become sleepy or tired?   
0  1  2  3  4  
Q19. Do you have difficulty enjoying a concert because you become sleepy or tired?  0  1  2  3  4  
Q20. Do you have difficulty watching television because you are sleepy or tired?  0  1  2  3  4  
Q21. Do you have difficulty participating in religious services, meetings or a group/club because you 
are sleepy or tired?  0  1  2  3  4  
Q22. Do you have difficulty being as active as you want to be in the evening because you are sleepy 
or tired?  0 1  2  3  4  
Q23. Do you have difficulty being as active as you want to be in the morning because you are sleepy 
or tied?  1  2  3  4  
Q24. Do you have difficulty being as active as you want to be in the afternoon because you are 
sleepy or tired?  0 1  2  3  4  
Q25. Do you have difficulty keeping pace with others your own age because you are sleepy or tired?  
0 1  2  3  4  




Q27. Has your intimate or sexual relationship been affected because you are sleepy or tired?             
0  1  2  3  4   
Q28. Has your desire for intimacy or sex been affected because you are sleepy or tired?  0  1  2  3  4  
Q29. Has your ability to become sexually aroused been affected because you are sleepy or tired?       
0  1  2  3  4  




Ref: Weaver TE, Laizner AM, Evans LK, Maislin G, Chugh DK, Lyon K et al. An 
instrument to measure functional status outcomes for disorders of excessive sleepiness.  







APPENDIX 35: PERMISSION LETTER FOR FUNCTIONAL OUTCOMES OF  



























Ref: Marcus BH, Simkin LR. The transtheoretical model: applications to exercise behaviour. 




APPENDIX 38: EXERCISE BENEFITS/BARRIERS SCALE (Chapter 6) 
EXERCISE BENEFITS/BARRIERS SCALE  
  
DIRECTIONS: Below are statements that relate to ideas about exercise. Please indicate  
the degree to which you agree or disagree with the statements by circling SA for strongly  
agree, A for agree, D for disagree, or SD for strongly disagree.   
  
   
  
1. I enjoy exercise.       SA  A  D  SD  
2. Exercise decreases feelings of stress and tension for me.  SA  A  D  SD  
3. Exercise improves my mental health.     SA  A  D  SD  
4. Exercising takes too much of my time.    SA  A  D  SD  
5. I will prevent heart attacks by exercising.    SA  A  D  SD  
6. Exercise tires me.       SA  A  D  SD  
7. Exercise increases my muscle strength.    SA  A  D  SD  
8. Exercise gives me a sense of personal accomplishment.   SA  A  D  SD  
9. Places for me to exercise are too far away.    SA  A  D  SD  
10. Exercising makes me feel relaxed.      SA  A  D  SD  
11. Exercising lets me have contact with friends and persons 
 I enjoy.       SA A  D  SD  
12. I am too embarrassed to exercise.     SA  A  D  SD  
13. Exercising will keep me from having high blood pressure.  SA  A  D  SD  
14. It costs too much to exercise.     SA  A  D  SD  
15. Exercising increases my level of physical fitness.   SA  A  D  SD  
16. Exercise facilities do not have convenient schedules for me. SA  A  D  SD  
17. My muscle tone is improved with exercise.    SA  A  D  SD  
18. Exercising improves functioning of my cardiovascular  
system.        SA  A  D  SD  
19. I am fatigued by exercise.      SA  A  D  SD  





21. My spouse (or significant other) does not encourage  
exercising.        SA  A  D  SD  
 
22. Exercise increases my stamina.     SA  A  D  SD  
23. Exercise improves my flexibility.     SA  A  D  SD  
24. Exercise takes too much time from family relationships.  SA  A  D  SD  
25. My disposition is improved with exercise.    SA  A  D  SD  
26. Exercising helps me sleep better at night.    SA  A  D  SD  
27. I will live longer if I exercise.      SA  A  D  SD  
28. I think people in exercise clothes look funny.    SA  A  D  SD  
29. Exercise helps me decrease fatigue.     SA  A  D  SD  
30. Exercising is a good way for me to meet new people.   SA  A  D  SD  
31. My physical endurance is improved by exercising.   SA  A  D  SD  
32. Exercising improves my self-concept.     SA  A  D  SD  
33. My family members do not encourage me to exercise.   SA  A  D  SD  
34. Exercising increases my mental alertness.    SA  A  D  SD  
35. Exercise allows me to carry out normal activities without  
becoming tired.      SA         A           D           SD  
36. Exercise improves the quality of my work.    SA  A  D          SD  
37. Exercise takes too much time from my family responsibilities. SA  A  D          SD  
38. Exercise is good entertainment for me.    SA  A  D  SD  
39. Exercising increases my acceptance by others.    SA  A  D  SD  
40. Exercise is hard work for me.     SA  A  D  SD  
41. Exercise improves overall body functioning for me.   SA  A  D  SD  
42. There are too few places for me to exercise.    SA  A  D  SD  











APPENDIX 39: PERMISSION LETTER FOR USE OF EXERCISE 
BENEFITS/BARRIERS QUESTIONNAIRE (Chapter 6) 
 
University of Michigan 






Health Promotion Model - Instruments to Measure HPM Behavioral Determinants: 
Exercise Benefits/Barriers Scale [EBBS] (Adult Version) 




Health Promotion Model Instrumentation Group  
Nola J. Pender, PhD, RN, FAAN  •  Susan Noble Walker, EdD, RN, FAAN  •  Karen R. Sechrist, PhD, RN, FAAN  
 
  
Dear Colleague:  
  
Thank you for your interest in the Exercise Benefits/Barriers Scale (EBBS). The EBBS was 
developed in response to a need for an instrument designed to determine perceptions of 
individuals concerning the benefits of and barriers to participating in exercise. Items for the scale 
were obtained inductively from interviews and from the literature.   
  
The EBBS is a 43-item summated rating scale consisting of two subscales, Benefits and Barriers. 
Ratings are obtained using a four-point response system. The EBBS has been tested for internal 
consistency, validity of its constructs, and test-retest reliability.  A sample of 650 individuals over 
18 years of age, primarily from northern Illinois, participated in the initial testing of the EBBS. 
Calculation of Cronbach's alpha for the 43-item instrument yielded a standardized alpha of .954. 
The 29-item Benefits Scale has a standardized alpha of .954 and the 14-item Barriers Scale has a 
standardized alpha of .866. Factor analysis yielded a nine-factor solution initially with an 
explained variance of 65.2%. Second order factor analysis yielded a two-factor solution, one a 
benefits factor and the other a barriers factor. Test-retest reliability was accomplished with a 
sample of 66 healthy adults at a two-week interval. Test-retest reliability was found to be .89 on 
the total instrument, .89 on the Benefits Scale and .77 on the Barriers Scale. Additional 






 Sechrist, KR, Walker, SN, and Pender, NJ. (1987). Development and psychometric evaluation of 
the Exercise Benefits/Barriers Scale. Research in Nursing & Health, 10, 357-365.  
  
You have our permission to download and use the EBBS for non-commercial data collection 
purposes such as research or evaluation projects as long as the following conditions are met:  
  
▪ The EBBS will be used without any modifications other than translation into a 
language other than English (see information on translation, if required);  
▪ The copyright statement will appear on the bottom of all copies of the EBBS; 
and  
▪ All study participants will be over 18 years of age since the EBBS was not 
validated in younger populations.  
  
Copyright of the EBBS and all translations is held by Karen R. Sechrist, PhD, RN, FAAN, Susan 
Noble Walker, EdD, RN, FAAN, and Nola J. Pender, PhD, RN. FAAN. Individuals translating the 
EBBS into another language may place their name as translator following the copyright 
statement.   
  
The EBBS may be reproduced in the appendix of a dissertation, thesis, or research grant proposal. 
Reproduction for any other purpose, including publication of study findings, is prohibited.  
  
A copy of the EBBS with scoring information is available for download. A Spanish translation of 
the EBBS is also available. If you need additional information, you may contact Dr. Karen Sechrist 
by email (krsech@pacbell.net).   
  
Best wishes with your research,  
      








APPENDIX 40: SELF-EFFICACY FOR EXERCISE SCALE (Chapter 6) 
 
Self-efficacy For Exercise (SEE) Scale  
  
How confident are you right now that you could exercise three times per week for 20 minutes if:  
  
  Not Confident                                    Very Confident  
1. The weather was 
bothering you  
0  1  2  3  4  5  6  7  8  9  10  
2. You were bored by the 
program or activity  
0  1  2  3  4  5  6  7  8  9  10  
3. You felt pain when  
exercising  
0  1  2  3  4  5  6  7  8  9  10  
4. You had to exercise 
alone  
0  1  2  3  4  5  6  7  8  9  10  
5. You did not enjoy it  
  
0  1  2  3  4  5  6  7  8  9  10  
6. You were too busy with 
other activities  
0  1  2  3  4  5  6  7  8  9  10  
7. You felt tired  
  
0  1  2  3  4  5  6  7  8  9  10  
8. You felt stressed  
  
0  1  2  3  4  5  6  7  8  9  10  
9. You felt depressed  
  









Ref: Resnick B, Jenkins LS. Testing the reliability and validity of the Self-Efficacy for 




APPENDIX 41: INSTRUCTIONS FOR ACCELEROMETRY USE (Chapter 6) 
   
      
      
 
Instructions for Accelerometer Use 
 
Thank you for participating in this study. 
Please check that you have been provided with:  
1. 1x ActiGraph wGT3x-BT accelerometer (red) 
2. 1x wrist band (black) 
To reliably measure movement, the accelerometer must be worn during all waking hours, except for 
when bathing or swimming.  It should also be kept on overnight. 
The accelerometer should be worn on your non-dominant wrist. side below the waist and can be 
looped through the elastic belt provided.  
The unit will start measuring movement at 6:00 a.m. the morning following your visit to the School 
of Physiotherapy, and stop at the same time, 7 days later. 
Start Date: ___________________________ Finish Date: ________________________ 
When the initially receive the device, you will notice a white light on its face will pulse every few 
seconds. When the device begins recording, the light will stop flashing. Once recording is completed 
(the finish date above), you may return the accelerometer and wrist band to us: 
1. In the courier bag provided addressed to 
Sarah Rhodes, School of Physiotherapy, University of Otago 
325 Great King Street, Dunedin 9016 Ph 03 4797466  
 
OR if it is convenient 
 
2. Drop it in to the School (at the Ground Floor Physiotherapy Clinic Reception): 
If you have any questions, please do not hesitate to call or email one of the research supervisors.  
Dr. Margot Skinner margot.skinner@otago.ac.nz  Ph 4797466 




APPENDIX 42: SLEEP DIARY (Chapter 6) 
 
Daily Sleep Diary  
  
Complete the diary each morning (“Day 1” will be your first morning). Don’t 
worry if you can’t recall the exact detail; just answer as accurately as you are 
able to.    
  
            
    
  
Day of the week (date) 
 
Day 1  
 
Day 2  
 
Day 3  
 
Day 4  
 
Day 5  
 
Day 6  
 
Day 7  
  
1  
I went to bed last night 
at: 
  
              
2  
How long did it take you 
to fall asleep? 
              
3  
How many times did 
you wake up in the 
night?  
  
              
4  
After falling asleep, for 
how long were you 
awake during the night 
in total?  
  
              
5  
What time did you 
finally wake up?  
  
              
6  
What time did you get 
up out of bed?  
  
              
7  
What disturbed your 
sleep? (if anything) 
              
8  
How would you rate the 
quality of your sleep 
last night?  
  
1        2        3        4         
5  
  
Poor                           
Good  




APPENDIX 43: MODIFIED BORG RATE OF PERCIEVED EXERTION SCALE 
(Chapter 6) 
Borg Rating of Perceived Exertion (RPE) Scale 
How to monitor your level of effort while being physically active. 
We want you to monitor how hard you are working when you are being physically active.  
Below is a scale called the Rate of Perceived Exertion (RPE), which measures your 
perception of exertion. This should reflect the amount of effort you are putting in when 
exercising.  Looking at the scale below, you should aim to be working in the range of 3 to 4, 
which represents a moderate degree of intensity.  You should feel like you are breathing a 
bit harder than at rest but are still able to talk.  To ensure you get the most benefit, you need 
to be working hard enough but not too hard. 
Rating Level of Exertion 
0 Nothing at all 
1 Very light 
2 Light 
3 Moderate 
4 Somewhat hard 
5 Hard 
6  




  Borg RPE scale © Gunnar Borg, 1970, 1985, 1994, 1998 
Warning signs 
You should stop exercising if you experience any of the following: 
• Chest pain 
• Uncharacteristic shortness of breath 
• Nausea 
• Lightheadness or dizziness 
• Leg cramps 
If you are at the exercise class, tell the physiotherapist.  If you are at home and your 





APPENDIX 44: TEXT MESSAGE EXAMPLES (Chapter 6) 
 
Example text messages 
 
Sarah@OSA_study: Hi [Name], why not take [Dog’s name] out for a walk after you finish work today. 
Even 10 minutes walking is better than nothing. 
 
Sarah@OSA_study: [Name], remember your goal of walking 30 minutes a day. Have you managed to 
build up to a 15 minute walk yet? 
 
Sarah@OSA_study: Congratulate yourself on the changes you have made to your physical activity 
levels [Name].  It is all your own work. 
 
Sarah@OSA_study: It’s a fine day today [Name], just remember to get out for a short walk with 
[Partner’s name] as planned. 
 
Sarah@OSA_study: Hi [Name], have you managed to get out on your bike this weekend? How about 
asking [Friend’s name] to go with you.  
 
Sarah@OSA_study: [Name], before you sit down and put your feet up for the evening, why not take 
the dog for a quick stroll around the block with [Partner’s name].  
 
Sarah@OSA_study: How about fitting into that trip to the beach this weekend [Name].  Why not try 
to walk for a few minutes longer than last time. 
 
Sarah@OSA_study: Don’t forget to take a lunch break today [Name]. It’s a nice day; perhaps go out 
for a 15 minute walk. 
 
Sarah@OSA_study: [Name], why not get out for a walk to the local café for a coffee. Take the long 
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APPENDIX 45: RECRUITMENT 
BROCHURE FOR SLEEP CLINIC 
(Chapter 6) 
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The benefits include support to 
become more physically active, 
feedback on your progress and 
potential improvements in 
health and wellbeing. 
 
The time commitment is an 
initial 90-minute meeting with 
the researcher, and two follow-
up meetings at 3 months and 6 
months, plus attending a 1-hour 
exercise group once a week for 
12 weeks (if you are in this 
group).   
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Our study is looking at different ways of supporting people with OSA to be more 
active. This will involve either exercising in a group, or doing individual exercise, 
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this involving adults with your condition.   
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APPENDIX 46: NORMAL RANGE OF VALUES FOR QUESTIONNAIRES 
USED  (Chapter 6) 
 
 
Normal scoring range for questionnaires used in Chapter 6 
Questionnaire Range of normal values Note 
Functional Outcomes of Sleep 
Questionnaire (FOSQ) 
5-20 Permission obtained from  
Professor T E Weaver 
Patient Health Questionnaire 
(PHQ-9) 
 
0-27 Freely available without 
copyright restriction from 
July 2010 
36-Item Short Form Survey (SF-36) 
 
0-100 Freely available from RAND 
Corporation  
Exercise Benefits/Barriers Scale 
(EBBS) 
43-172 Permission obtained from K 
Sechrist 
Self-Efficacy for Exercise Scale 
(SEE) 
0-90 Permission obtained from 
Professor B Resnick 
RM1-FM Physical Activity Stages of 
Change Questionnaire 






















APPENDIX 47: INTERVIEW QUESTIONS FOR GROUP EXE (Chapter 7) 
 
Post-intervention individual interviews for exercise group (GROUP EXE) 
 
1. Please describe how useful the study was in increasing your physical activity levels:  
- not at all useful 
- quite useful 
- very useful 
 
2. Please explain your answer.  
 
3. How many of the exercise sessions did you attend? 
 
4. What were the things that influenced your level of attendance? 
 
5. How much social support did you gain by attending the class? 
 
6. Has your level of physical activity changed since enrolling in the study?  Can you give any 
examples of things you find easier to do now? 
 
7. What were the best things about being in the study? 
 
8. How could the study have been improved? 
 
9. Please describe in your own words what motivates you to undertake physical activity now. 
 
10. Is there anything else you would like to comment on about being in the study? 
 
Thank you for taking the time to be involved in the study.  You are welcome to continue your 
attendance at the exercise classes. 











APPENDIX 48: INTERVIEW QUESTIONS FOR GROUP TXT (Chapter 7) 
 
Post-intervention individual interviews for text messaging group (GROUP TXT) 
 
1. Please describe in your own words whether the text messages were useful or not useful in 
increasing your physical activity levels. 
 
2. Please describe how the text messages were or were not helpful to you? 
 
3. How did the text messages make you feel?   
 
4. How did they make you react initially?  
 
5. How did the text messages make you feel?    
6. How did they make you react after a few weeks?  
 
7. Please comment on the content of the messages. 
 
8. Please comment on the frequency of the messages. 
 
9. Could the messaging have been improved?   If so, how? 
 
10. Did they help motivate you? If so, how? 
 
11. What was the most useful thing about the text messages? 
 
12. What was the least useful thing about the text messages? 
 
13. How did you feel when the text messages stopped? 
 
14. Please describe in your own words what motivates you to undertake your physical activity.  








APPENDIX 49: INTERVIEW QUESTIONS FOR GROUP EXE+TXT 
(Chapter7) 
 
Post-intervention individual interviews for exercise class and text messaging group (GROUP 
EXE+TXT) 
 
11. Please describe how useful the study was in increasing your physical activity levels:  
- not at all useful 
- quite useful 
- very useful 
 
12. Please explain your answer.  
 
13. How many of the exercise sessions did you attend? 
 
14. What were the things that influenced your level of attendance? 
 
15. How much social support did you gain by attending the class? 
 
16. Please describe in your own words whether the text messages were useful or not useful in 
increasing your physical activity levels. 
 
17. Please describe how the text messages were or were not helpful to you? 
 
18. How did the text messages make you feel?   
 
19. How did they make you react initially?  
 
20. How did the text messages make you feel?    
 
21. How did they make you react after a few weeks?  
 
22. Please comment on the content of the messages. 
 
23. Please comment on the frequency of the messages. 
 
24. Could the messaging have been improved?   If so, how? 
 
25. Did they help motivate you? If so, how? 
 
26. What was the most useful thing about the text messages? 
 





28. How did you feel when the text messages stopped? 
 
29. Has your level of physical activity changed since enrolling in the study?  Can you give any 
examples of things you find easier to do now? 
 
30. What were the best things about being in the study? 
 
31. How could the study have been improved? 
 
32. Please describe in your own words what motivates you to undertake physical activity now. 
 












APPENDIX 50: BRAUN AND CLARKE’S THEMATIC ANALYSIS 15-POINT 
CHECKLIST (Chapter 7) 
 
Table 2: A 15-point checklist of criteria for good thematic analysis 
Process No. Criteria 
Transcription 1 The data have been transcribed to an appropriate level of 
detail, and the transcripts have been checked against the tapes 
for ‘accuracy’. 
Coding 2 Each data item has been given equal attention in the coding 
process. 
 3 Themes have not been generated from a few vivid examples 
(an anecdotal approach), but instead the coding process has 
been thorough, inclusive and comprehensive. 
 4 All relevant extracts for all each theme have been collated. 
 5 Themes have been checked against each other and back to the 
original data set. 
 6 Themes are internally coherent, consistent, and distinctive. 
Analysis 7 Data have been analysed / interpreted, made sense of / rather 
than just paraphrased or described. 
 8 Analysis and data match each other / the extracts illustrate the 
analytic claims. 
 9 Analysis tells a convincing and well-organized story about the 
data and topic. 
 10 A good balance between analytic narrative and illustrative 
extracts is provided. 
Overall 11 Enough time has been allocated to complete all phases of the 




12 The assumptions about, and specific approach to, thematic 
analysis are clearly explicated. 
 13 There is a good fit between what you claim you do, and what 
you show you have done i.e., described method and reported 
analysis are consistent. 
 14 The language and concepts used in the report are consistent 
with the epistemological position of the analysis. 
 15 The researcher is positioned as active in the research process; 
themes do not just ‘emerge’. 
 
Reference: Braun V & Clarke V. Using thematic analysis in psychology. Qualitative 
Research in Psychology 2006; 3: 77-101  
